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gph for yourself your ideal welding set. By 


all means it should give you a wide welding range, 

flawless, high-quality performance at every 
point in that range. Right? It should give the same 
speedy, high-quality welding on 
medium-gauge metals as on heavier work. 


with 


easy, thin- and 


The General Electric welder is that set take the 
word of hundreds of operators who have put it through 
the most exacting paces day after day. 
in the 


At all points 
range it meets Navy performance specifications 
And you can get “‘top’’ current from this set without 
















—HIGH-QUALITY PERFORMANCE 
THE ENTIRE 


ELDING RANGE 


with the improved G-£ 
single-operator arc welder 
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FAULTY PERFORMANCE AND INFERIOR 
RESULTS ON LIGHT OR HEAVY CURRENTS 





danger of burnout and without unnecessary k 
of the overload relay. 


So why risk the profits of your fabrication and 
work by using any set that cannot meet these 
ards of full-range, high-quality 
up—get the facts 


performance? ( 


Ask the nearest G-E arc-welding distributor for 
demonstration of this remarkable and improved G-E 
arc welder. A trial will convince you. The tria 
not obligate you in any way, but if you prefer 

more information in advance, simply fill out and 

the coupon today. General Electric, Schenectady 


TO GIVE YOU THE RIGHT WELDING EQUIPMENT, GENERAL ELECTRIC MANUFACTURES THE MOST COMPLETE LINE OF ARC WELDERS IN THE WORLD 





General Electric, Dept. 6A-201 
Schenectady, N. Y. 


Please send me a copy of GEA-1440F describing 
the improved G-E single-operator d-c arc welder 
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THE OXWELD CM-L6 


A portable Oxy-Acetylene Cutting Machine 


... ata new low price - 913730 


TEVER before has it been possible to buy a 
+ ‘ motor-driven oxy-acetylene cutting machine 
at such a low price—$137.50+, complete. This new, 
low-cost, portable Oxweld CM-16 Cutting Machine 
offers many advantages in cutting steel plate up to 
four inches thick. It weighs only 45 pounds and 
can be conveniently carried from one job to an- 
other. The CM-16 can cut straight lines and circles 
automatically. It can be guided by hand, and so is 
especially useful for shaping irregular parts. The 
wide variety of shapes which can be cut with the 
CM-16 make this machine valuable in every shop 
which fabricates steel. 

Any Linde representative will be glad to demon- 
strate how the Oxweld CM-16 can help you speed 
up production, improve cutting precision and lower 
your manufacturing cost. Write for a descriptive 
folder. The Linde Air Products Company, Unit of 
Union Carbide and Carbon Corporation, New York 
and principal cities. 


tPrice slightly higher west of Rocky Mountains 


Visit the Linde Exhibit, Areas D-45 and D-47, Western 
Metal Exposition, Pan Pacific Auditorium, Los Angeles, 
Calif. March 21-25 


kiverythine for Oxy-Acetylene Welding and Cutting 
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LINDE OXYGEN « PREST-O-LITE ACETYLENE *« OXWELD APPARATUS AND SUPPLIES I: R( ay | LINDE UNION CARBIDE 
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wiOw Cameiol & 
ARBON CORPORATION 


The words ““Oxweld,”’ “Linde,” ‘’Prest-O-Lite,”’ and ‘Union’ used herein are registered trade-marks 
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PETROLEUM 





WELDING IN THE 


By H. S. CARD’ 


N EXTENSIVE survey of the applications of 
welding in the petroleum industry has revealed a 
constantly widening scope of application. This in 

turn has developed benefits to both the petroleum indus 
try and the welding processes, which are far beyond the 
dreams of either of them ten years ago. It is safe to say 
that arc welding owes very much of it’s recent progress 
to the broad and intelligent acceptance it has received 
from petroleum engineers, and likewise it is not over 
stating the case to say that the oil industry has grown to 
depend upon the process as a vital and necessary factor 
in every field of operation. 

The strong liason which now exists between the pe 
troleum engineer and the welder is a fine illustration of 
the pioneering instincts of the oil man. He is accus- 
tomed to working in new fields and under new conditions, 
so it is characteristic of him that he has seized upon a new 
process and has made it a powerful economic tool while 
some of the more conservative industries lag behind, 
adding investigation upon investigation and wondering 
whether they will ever dare to make free use of this amaz 
ing process. 

In spite of it's progressiveness and its venturesome 
methods of operation, it is not intended to imply that the 
petroleum industry has been careless. On the contrary, 
the men who work with oil are always conscious of its 
hazards. They would be the last to take unwarranted 
chances. The point is that they saw its economic possi 
bilities when it was proved to them that welding could be 
safety applied, and they proceeded immediately to adopt 
it for every possible use as rapidly as that could be done 
without hazard, and that they waited for nobody to 
show them the way. 

Proof that all possible caution has been exercised is 
the fact that the petroleum industry was making com 


t+ Development Director, National Electrical Manufacturers Associatior 
Electric Welding Section. 
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Hortonspheres Where Gasoline Storage Is Kept Under Pressure at Bayway Refinery. 
(Courtesy, Standard Oil Co. of N. J.) 


Industry 





Interior of the A. O. Smith Corporation Pressure Vessel Plant. Capacity 60 Large 
Vessels per Month 


paratively little use of arc welding up until about 1925 
During the preceding years the process was known, but 
it was not widely-used in oil field and refinery work 
mostly because there were so many recognized authorities 
on welding subjects who conceded that arc deposited 
metal was in general somewhat brittle in comparison with 
low carbon rolled steel which was the most common 
structural material used by the industry Another situa 
tion which retarded the acceptance of welding in that 
field was a general lack of understanding of the process 
on the part of the management. Welders were to be 
found in practically all refineries, but they were doing 
different kinds of work and to a large extent they were 
following different methods and different techniques 
Furthermore, in individual cases the best authority on 
welding in a refinery would often be the foreman of some 
department, usually a very practical, efficient and re 
sourceful man, but lacking in engineering training and 
very often dependent for guidance on the salesman who 
sold him his supplies. A typical case is one large oil 
company who saw the light several years ago and caused 
a survey to be made of some operations in five different 
refineries. The study disclosed the widest variation in 
the type of welding applications in various plants, as 
well as in the quality of workmanship. However, on 
the assumption that intelligent supervision would be 
very effective in reducing operating costs, a part of the 
engineering staff spent many months in working out a 
program to. 


a) Set up definite procedure for each application of 
the process. 

(b) Provide for the training and testing of welding 
operators. 


The net result was a smaller number of accepted applica 
tions, a far more rigid control over the operation, and 
strange to say, a greatly increased total volume of weld- 
ing. Thus, management control became one of the im- 














portant underlying factors in what the author considers 
to be the most outstanding welding program in the 


country. 


Management control could not solve the problem of 
providing ductile metal, and ductility is a most essential 


Bayway Oil Refinery. High Pressure Cracking Unit Towers and Lines. (Courtesy, 
Standard Oil Co. of N. J.) 
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© Ewing Galloway, New York City 


Propane Plant at Bayway Refinery. (Courtesy, Standard Oil Co. of N. J.) 
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engineering property. That problem was solved by ; 
development of the shielded-are electrode, a refineme: 
which was not immediately understood. Of all ( 
consuming industries, the petroleum group seems to have 
grasped most rapidly the advantages of the improved 
process. It gave them the highly ductile weld deposi 
they had been wanting for years, combined with definit, 
dollar and cents savings. 

As soon as it became commercially available in th; 
country, the shielded-are process found many jobs |aj 
out for it by petroleum engineers. The most importan 
of these were: 

(1) Storage tanks of all kinds and sizes, includi 

tanks for pressure storage. 

(2) Pressure vessels for all of the countless combin 
tions of pressure, temperatures and process j 
volved in refinery operations. 

(3) Piping of all kinds and sizes, including both long 
pipe lines and intricate assemblies of vari 
sizes of pipe. 

In all of these types of construction engineers have 
visualized the advantages of eliminating mechanical] 
joints. The latter have always given trouble by working 
loose and: developing leaks in service, or by being par 
ticularly subject to corrosion. Welding promised fur 
ther construction advantages by making possible more 
ideal types of design which avoided stress concentrations 
and eliminated the waste of metal incident to the nec« 
sity for overlapping parts. It also promised greater 
ease and speed of making alterations to existing equip 
ment, either to increase capacity or to make it suitable 
for new processing methods. These are the important 
functions of the process from the viewpoint of the px 
troleum engineer. For the sake of brevity they are s 
down here in the introduction. The purpose of this 
discussion is to review the economic advantage which 
resulted from applications made under good management 
control. 


muS 


PRESSURE VESSELS 


Authorities in the industry seem to be in general agre« 
ment that the greatest single contribution of shielded 
arc welding is found in the field of fabricating the huge 
pressure vessels required for modern refining processes 
Special importance is attached to vessels used in crach 
ing. It must be remembered that the petroleum indus 
try has been facing a constantly increasing demand for 
motor fuel for many years. A very large percentage ol 
the crude petroleum which could be reached by drilling 
up to 1000 feet had been accounted for. Demands fot 
new sources of crude have made it necessary to drill 
deeper and deeper until 5000-feet wells have becom 
very numerous and 10,000-feet wells are too common t 
excite comment. This condition points definitely to a 
greatly increased cost of producing the crude. Ther 
fore, it is obvious that methods of converting a larger 
percentage of the crude into motor fuel were vitally 
necessary in order that motorists might be able to buy 
gasoline from the filling station without too great a! 
advance in price. A corrollary to this is that continued 
production of large amounts of crude oil with a compara 
tively low recovery of the much needed gasoline would 
have the undesirable effect of flooding the market with a 


tremendous surplus of other petroleum products. 1 


e 


were real problems to the petroleum engineers 10 years 


ago. The importance of the shielded-are process 1n | 
connection is that it made possible the productiot 
pressure vessels which: (1) were of much larget 
than any which had previously been built, giving 
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Assemble. (Courtesy, Foster Wheeler Corporation) 


greater production from the same amount of ground 
space. For example, a cracking still of modern design 
will produce about 5 times the amount of gasoline per 
dollar invested in equipment compared with cracking 
equipment that was in use in 1913. This in itself is a 
great compensating factor in the struggle with the in 

creased production cost of crude petroleum. Moreover, 
many of the newer types of equipment involve some very 
complicated designs, especially in the interior construc 

tion, for which riveted construction would be very im 

practical if not commercially impossible. (2) Advanced 
the recovery of larger quantities of gasoline from the 
crude by increasing the processing temperatures from 
about 750° F. up to 1100° F., and by increasing the 
pressures from 75 Ib. per square inch to 1000 Ib. per 
square inch. This might have been possible on a small 
scale with vessels made by other types of construction, 
but all of them had their limitations. Riveted vessels 
had proved to be satisfactory in the early days, but when 
their use was extended to larger capacities with higher 
temperatures and higher pressures they showed a definite 
tendency to develop leaks, which constituted a very un 

desirable fire hazard. There were some experiments 
with caulking welds to eliminate this leakage, but they 
were not satisfactory. Hammer welding had also been 
satisfactory for a number of light-walled vessels but 
when the process was applied to the heavier walled 
vessels they developed numerous defects. The seamless 
forged vessel is suitable for high temperatures and pres- 
sure but is limited to those of 6 feet diameter or less; the 
large ones will take an ingot of over 200 tons and use 
less than half of it. The manufacture of forged drums 
requires very expensive fabrication machinery, as well as 
inspection routines to avoid the development of surface 
defects in process. In the case of vessels requiring a 
number of openings this process obviously has neither 
structural nor economic advantage. It is not desired to 
take space for a comparison between arc-welded con- 
struction and these older types of construction in the 
range in which they are competitive, but only to indicate 
that welded vessels have carried the industry beyond the 
practical limitations of older methods. 

Some indication of how widely arc-welded pressure 
vessels have been adopted for petroleum processing 
should be of interest. We have already noted that prior 
to 1925 welded vessels were not acceptable to the indus 


1938 WELDING IN THE PETROLEUM INDUSTRY 


This Modern Refinery Installation Illustrates the Complex Systems of Tanks, Heat Ex- 
changers, and Pressure Vessels Which the Welder Is Called Upon to Fabricate and 


The Size of Some of the Welded Pressure Vessels Demanded by the Petroleum 
Industry Today Taxes the Ingenuity of Shipping Departments. Here Is One Being 
Loaded for Shipment by Water. (Courtesy, Foster Wheeler Corporation) 


try. It has been reliably estimated that by 1932 there 
were over 1500 arc-welded pressure vessels in use, and 
that this number had increased to approximately 7000 in 
1937. The same period witnessed the development of 
construction codes authorizing the use of fusion welding 
for pressure vessels, and giving details of methods of 
inspection to determine that the construction procedure is 
satisfactory and safe in all respects 

From figures compiled by statisticians and by research 
engineers in the petroleum industry it is possible to 
arrive at an approximate evaduation of these advanced 
refining programs to both the petroleum industry and the 
motor driving public, in terms of dollars and cents. In 
order to fill the gasoline orders of 28,000,000 motorists 1n 
1936 the petroleum industry had to deliver some 481, 
000,000 barrels of gasoline at the pumps. This huge 
order was refined from about |.1 billion barrels of crude 
oil. If the cracking process had not been so highly im 
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Erection of a Fractionating Tower for an Oil Plant, Approximate Weight 246,000 
(Courtesy, A. ©. Smith Corporation) 








proved during the 10 preceding years, it would have been 
necessary to take from the ground an additional quota of 
1.1 billion barrels of crude, an amount which is nearly 
10% of the present oil reserves. Each gallon of gasoline 
used in 1936 would, therefore, have had to pay its share 
of the cost by producing at the wells twice as much crude 
petroleum as was actually produced. A second expense 
item would have been the construction of new pipe lines 
for transporting this crude petroleum to the stills. We 
would then have to add the cost of refining more than 
twice as much petroleum as was actually refined. All 
this would have cost the petroleum industry over a 
billion dollars of additional operating expense in 1936 and 
the automobile driver's share would have been in the 
neighborhood of 5 cents on each gallon of gasoline. At 
the same time another important development in auto 
motive engineering would have been retarded, that is, 
the increased compression ratio in the engine, which has 
risen from 4.55 in 1927 to 6.15 in 1936, and gives us 
higher speeds with smoother operation and better control 
from year to year. These newer type engines could not 
use the gas of the quality made 10 years ago without 
knocking. We can, therefore, summarize the economic 
significance of the advances made in the cracking process 
in the statement that they have produced a better motor 
fuel at a reduced cost and with so greatly an increased 





Welding a Casing Pipe Joint in the East Texas Field. 
(Courtesy, Wilson Welder & Metals Co.) 


percentage of recovery from the crude oil as to constitute 
what is probably the greatest single conservation agency 
known to the industry. Coincident with this advance 
have been similar improvements in the quality and 
efficiency of lubricating oils, fuel oils and other pe- 
troleum products. 

One could describe the entire working equipment of the 
petroleum industry as a combination of pressure vessels, 
piping and tanks. These are obviously among the most 
important fields of application of the welding process. 
Although it is out of the question to make an analysis of 
these other fields similar to what has been presented for 
pressure vessels, a brief review of them will serve to show 
in a broad way what manner of economies have been 
accomplished through the universal acceptance of the 
process by the petroleum industry. 
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PIPE WELDING 





No subject could be more diversified than that . 
welding in the oil industry. There is scarcely a: 
of pipe or any size which this industry does not 
large quantities. Furthermore, there is an ¢ 
creasing variety in the shapes and combinatio: 
which all of these different kinds of pipe are assen 
They are subjected to all temperatures from 60 
zero up to an almost yellow heat. They transport 
petroleum and its derivatives, natural gas and ; 
gasoline under high pressures over every concei 
kind of country. Considering the inflammabk 
explosive qualities of the materials handled it is « 
understand why engineers were not willing to a 
welded pipe joints until such joints could be pro 
with assurance that they were not lacking in that 
essential engineering property of ductility. It is or 
account that the scope of electrically welded pipin; 
very restricted until the research in the pressure 
field finally opened up the shielded-arc process to gene: 
commercial application. Since that time the arc weld 
of overland pipe lines has progressed at a rapid rat 
under present conditions it is estimated that over 
of pipe line mileage is arc welded. Paralleling this 
velopment is the story of natural gas. For many y 
this inherently valuable commodity was wasted in hu 
quantities because it was not economical to transport 
from the field to the market. It was largely by 
application of the shielded arc that it became possib! 
produce steel pipe suitable for natural gas lines and t 
weld successive lengths of this pipe together in the field 
so economically that the total construction cost of 
pipe line was cut approximately in half as compared t 
previous practice. The petroleum industry was the 
position to convert more of the natural gas yield of 
oil fields into cash. 





WELDED CASING PIPE 


The most recent development in the petroleum indus 
try is that of welding long strings of casing pipe Phe 
relatively short surface casings have been successfull 
welded for several years.) It might be assumed that 
industry which has had so much experience with so man) 
different varieties of pipe welding projects would tak 
the simple end-to-end welds that apparently are r 
quired for casing pipe strings as a matter of course. 01 
might even wonder why the industry took such a long 
time in adopting this application. It happens that long 
strings of casing present problems of their own which 
not encountered in other pipe work. Pipe used for th 
very deep casings is of high carbon content, high-tens! 
strength steel and requires special techniques to preset 
both the strength and the required amount of ductilit 
Another requirement is a relatively high speed of instal 
tion in order to compete in time with the speed obtai 
by crews that are skillful in running coupled casi 
The design of the joint used has its effect on both 
quality of the joint and the speed with which the joint 
made. The welding crew has to be trained in procedur 
for welding pipe in a vertical position instead of 1 
usual horizontal position, and in order to maintain 
necessary installation speed it is often necessary t 
two or even three operators simultaneously on one |} 
at one level, while a duplicate crew is making an ident 
joint at another level. In spite of all these difficultic 
is safe to predict on the basis of present progress, that t 
welding of casing pipe will be standard in the very 1 
future. 
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Refinery at Night in Colonial Beacon Oil Co. (Courtesy, Esso Marketers) 


TANK CONSTRUCTION 


[he virtually complete acceptance of welding for all 
varieties of tank construction makes it seem unnecessary 
to give this subject more than passing mention, although 
the total amount of tank welding being done for the 
petroleum industry is extremely large. This has been a 
sradual evolution over a long period of years. In the 
early days it was thought that the limit of size was de 
termined by the size of a tank which could be built in- 
side a fabricating shop, equipped with jigs and other work- 
handling devices which would make it possible to con- 
trol, and to a large extent eliminate, the distortion caused 
by the spread of heat through the plate material. The 
distortion problem was gradually eliminated from the 
picture by the development of ingenious designs and by 
carefully working out procedures and sequences which 
prevent distortion. The evolution of the welded tank is 
now complete. There is no limit to the size and no re- 
striction as to the shapes for which all-welded construc- 
tion is considered entirely acceptable. In several cases 
the process has made possible special designs which are 
effective in reducing evaporation losses and evaporation 
hazards. 

A further advantage of the all-welded construction is 
that it has served as a very effective check on corrosion 
Practically all grades of crude oil contain some highly 
corrosive impurities of elements which combine to be- 
come corrosive during processing or distribution. One 
of the drawbacks of riveted construction is the use 
of overlapping parts because these overlappings mean 
discontinuities of the metal, that is, microscopic crevices 
which invite attack by corrosive agents. 

When the tank builders were first beginning to enlarge 
the scope of this application, operating costs frequently 
showed the effect of work being in the experimental stage, 
but by gaining familiarity with more efficient procedures 
and becoming expert at new methods of handling mate 
rials, they have kept costs well under control so that in 
general it is safe to assume that welding is now the most 
inexpensive method of tank building. 


TANKER SHIPS 


Mention should be made of the wide adoption of 
welded construction for tanker ships. The advantages 
are not essentially different from those already noted. 
Che saving of weight due to the elimination of overlap- 
ping parts is important because it results in a greater 
load-carrying capacity; savings in weight as high as 20° 
ave been reported. The smoother surfaces presented 
by welded connections and the less complex assemblies 
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of the structural portions of these ships also makes them 
easier to clean. And if weare to take the word of the 
shipbuilders for it, the maintenance expense ona welded 
tanker is considerably less At a meeting of naval 
architects in the spring of 1937 several prominent ex 
ecutives in the shipbuilding industry expressed themselves 
freely of the opinion that the riveted ship is on the 
way out and that the ship of the future will be all-welded 
It may be of interest here to note that tanker ships are 
considered to be the least expensive method of trans 
portation in the petroleum industry 





MAINTENANCE 


It has not been possible to go into any detail about the 
huge savings in maintenance cost made possible by tl 
shielded-are process, but maintenance welding is so com 
monly known in the major industries that its importance 
to the petroleum engineers can be taken for granted. A 
somewhat similar type of saving is possible on account of 
the vast tonnage of steel plate and pipe in abandoned oil 
fields and pipe lines. A great deal of this material is con 
sistently being dismembered by the gas cutting torch and 
put to good use in new fields. Tank plate is used over 
again to make new tanks or small tankers, and serviceable 
pipe is reassembled into new pipe lines, well casings, 
headers, heat exchangers, etc. 

All of this diversity of application in the petroleum in 
dustry has grown into a large volume in a period of 10 
years or so, and it has been found that each type of weld 
ing operation had its own problems which were usually 
handled to the best advantage when workmen were es 
pecially trained and were kept employed on a regular 
routine of one operation. Out of this situation there has 
developed a recent trend among petroleum companies to 
reduce their own welding fortes to the minimum which is 
required for the normal amount of maintenance, and to 
let out as much work as possible to contractors who main 
tain crews of specialized workmen and are equipped with 
welding machines and special appliances for the particu 
lar service which they offer. This arrangement helps the 
petroleum companies to avoid frequent turnovers in em 
ployment and to eliminate a great deal of expensive 
special training and qualifying tests for individual opera 
tors. 


CONCLUSION 


In conclusion, the benefits which have accrued to the 
petroleum industry as a direct result of its wide accep 
tance of welding may be summarized as follows 





Manufacturers of Oil Field Machinery Are Turning to Welded Construction for 
Important Parts of the Equipment Which They Produce. (Courtesy, Parkersburg 
Rig and Ree! Company) 























(a) Drilling costs have been kept at a minimum by 
steadily improving materials and methods for hard facing 
drill bits. 

(6) Builders of field storage tanks have perfected their 
designs, and welding procedures and their material 
handling methods to a point where all-welded construc- 
tion is standard practice for even the very largest capac 
ity tanks. -The elimination of raw edges and crevices be 
tween overlapping material gives these tanks longer life. 
Chis, together with certain refinements of design made 
possible by welding, has practically eliminated the losses 
and fire hazards due to leakage of oil and vapors. 

(c) In the two methods of transportation which are 
known to be the most economical for the petroleum indus- 
try, that is, pipe lines and tankers, welded construction 
has progressed during the past decade on the merits of 
the economies which it achieved until it is accepted as 
practically the standard method of fabrication. 

(d) Refining methods have enjoyed not only a greatly 
reduced cost per unit of production, but a considerably 
higher yield of the most desired products from each barrel 
of crude, due to the increased volume capacities and the 
higher allowable temperatures and pressures in processing 
which arc-welded pressure vessels have made possible. 
The increased efficiency of present day refinery equip- 
ment is probably the most effective agency for conserva- 
tion of our natural petroleum resources. The amount of 
crude petroleum conserved as a result of the evolution of 
these new methods since 1920 amounts to approximately 
3/, of the estimated known reserves that are still in the 
ground. The value of this enormous reservoir of raw ma- 
terial to the petroleum industry would be difficult to esti 
mate. It is likewise of immense value to the motoring 
public because it prevents any feeling of scarcity which 
might result in a sharp advance in the price of motor 
fuel. 

(c) If the welding operations which are properly classi- 
fied as maintenance are grouped together with those in 
volved in altering existing equipment and in fabricating 
parts of obsolete or abandoned equipment for use in new 
constructions, the economies realized in this group of 
operations alone are of such magnitude as to justify the 
petroleum engineer in speaking of the welding process as 
indispensable in plant and field operation. 


Machining World's 


Largest Bearing” 


ELIEVED to be the largest journal bearing ever 
made, the 317,000-pound ‘horseshoe’ bearing 
which will carry the million-pound load of the 
world’s largest telescope atop Mt. Palomar, California, 
is being machined at the East Pittsburgh plant of the 
Westinghouse Electric & Manufacturing Company. 
This giant instrument, one of the most important 
technical projects of all history, is expected to enable 
astronomers to peer one billion light years into space. 
During machining the ‘horseshoe’ is bent out of 
shape while its surface is machined to a glass-smooth 
finish so that it will be squeezed back into a perfect circle 
under the weight of the telescope mounting. To 
machine '/;¢ in. off the face of the “horseshoe’’ requires 
63 hours. It resembles a giant steel washer 46 feet 
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across and 53 inches thick, from which a large ‘‘| 
been cut. Because of its unusual size the bearing had 
to be made in three sections so that it could be shipped 
on flatears. It came to East Pittsburgh from th, 
Westinghouse turbine division at South Philadelp 
where it was fabricated and partially machined. 

So precise are their calculations for the final machi 
of the bearing, the engineers explained, that it will by 
within five thousandths of an inch of a perfect 
when it springs into its normal position. 

The work of pulling and pushing the hollow 
frame out of its circular line is preliminary to the turning 
process on a specially constructed boring mill. Nea 
the bottom of the “U”’ a large compression member: 
pushes outward while the top of the bearing is pulled ; 
by steel bolts with turn buckles. 

Originally the boring mill, on which the bearing started 
its long ‘‘grind,’’ was built with a 14-foot diameter tab 
Then a few years ago it was enlarged to 30 feet for 
machining the valves for the Boulder Dam generators 
But these valves are dwarfed by the telescope bearing 
and the mill table has been increased to more thar 
feet by encircling it with an iron track. 

When hoisted into position on a steel base at th 
telescope site, the bearing will rest on two steel oil pads 
through which oil will be pumped at a pressure of 25() 
pounds per square inch. Despite the fact that th 
telescope and its supporting structure will have th: 
proportions of a six-story building, the friction betwee: 
the bearing and the oil pads will be so slight that a 
electric motor of only one hundred and sixty-five thou 
sandths of a horsepower could turn it. The friction will 
be 600 times less than that of a conventional type bearing 

Designers of the telescope support selected the hors 
shoe shape bearing to enable the 60-foot telescope tub 
housing the 200-inch reflecting mirror, to swing easily 
between the sides of the horseshoe for an unobstructed 
view from the polar to the southern horizons. Th 
ability of the bearing to turn freely on its oil pads will 
permit the tube to be sighted from the eastern to tl 
western horizons. 

Some idea of the meager tolerances permitted in 
precision machine of this size is indicated by the speci 
fication that the telescope must be sighted with an error 
not larger than the angle made by drawing two lines 
three miles from a point to the top and bottom of a 
25-cent piece. 

The telescope tube, a welded steel box structure, will 
swing between two 60-foot steel tubular arms forming 
yoke. The upper end of the yoke will be welded to the 
horseshoe and a flat swivel at the lower end will turn « 
a ball and socket bearing floating on oil. The yoke will 
be hung equatorially parallel to the earth’s axis, or at a! 
angle of slightly more than 33 degrees which is the 
latitude at Mt. Palomar. 

Actual construction started in the summer of 1936 
the South Philadelphia turbine works. The main bea! 
ing, together with all other units of the support, was 
fabricated at South Philadelphia but was recent! 
shipped to East Pittsburgh for final machining becaus¢ 
of the special boring mill facilities here. 

An account of the welding of the frame of this tel 
scope is given in a paper entitled ““Welding and Annea! 
ing Telescope Parts’’ by Norman L. Mochel publish 
in the June 1937 issue of THE WELDING JOURNAL. 

Though construction of the steel frame work is nearitg 
completion, the California Institute of Technolo; 
which will operate the telescope, does not expect 
have it ready for use before 1940, because of the « 
with which the reflection mirror must be ground. 
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RECLAMATION OF TEXTILE 





By HUGH COMER? 


COTTON mill and an acetylene torch are close 
A brothers. One does not buy a cotton mill machine 

and then a torch. One buys them both at the same 
time. 

The framework of practically all of the cotton textile 
machinery is made of cast iron, as are many of the moving 
parts. Breakage starts almost immediately after the 
machinery is received. As a matter of fact, unless the 
machines are packed properly some of it arrives already 
broken. As you know, there are two sources of supply 
for obtaining replacement parts. One, to buy them new: 
the other, the welding torch. Of course, there are many 
parts that cannot be repaired with the acetylene torch 
but when it is possible to repair the part in the machine 
shop the saving ranges from 50 to 90 per cent. So large 
and immediate is the saving that before any broken part 
is permitted to be thrown in the scrap heap at the Avon 
dale Mills, the broken part has to pass through the hands 
of specified individuals, and these individuals are alert 
to the possibilities of the acetylene torch. 

The program of replacing broken parts at the Avondale 
Mills is as follows: When first discovered, the part is 
taken to the foreman of the room who investigates the 
reason for the breakage. The part is then taken to the 
supply room where the mechanic who brings the part is 
~ * Read at the 38th Annual Convention, International Ac« tylene Associati 
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The Machine Shop, Where Welded Parts Are Finished to Accurate Size 








The Welder at Work 


Mill Parts 





An Intricate Casting Repaired by Weld- Worn or Corroded Flanges on Pipe 
ing When Broken, Cracked of Worn Fittings Can Be Reclaimed by Welding 
Spider Wheels, Spindle Gears, Sprocket 
Gears, and Many Other Parts Are 

Reclaimed in This Way 


issued a new or repaired part’ and this replacement is then 
taken back to the machine and put in place Che broken 
part is then delivered from the supply room to the ma 
chine shop where the possibilities of repairing it are studied. 


If it can be repaired it is placed on the welding tabk lf 
it is beyond repair it is sent to the scrap heap which is 
right at the door of the machine shop where it is under the 
eye of the foreman of the shop and the superintendent of 
the mill. Weare all hoping never to see in our scrap heap 


any material that could have been repaired 


There are several major operations in a cotton mill 
that change cotton in the bale into finished cloth. First, 
there is the actual opening of the cotton bale. The bale 
comes to the mills in tightly compressed packages, weigh 
ing about 500 1b. In the bale the cotton is in thick, tight 
lumps. When the cotton come to us 0 compressed 
bales, as it usually does from the West, the cotton is as 
hard as rocks. In the old days in order to prepare these 
hard, thick lumps for the processing machinery, it was 
necessary to take these lumps of cotton, and tear them 
into small pieces by hand hese small pieces were then 
thrown into big bins and left to age, or air out, for four or 
five days Now, we have machines to do this aging for 


us. These machines take the cott er spiked aprons 
which move in opposite directior ind blow the cotton 
over grids, slow-moving spikes and turning air-screens 
Phen it is passt d between the blades of closely set sharp 
steel knives where all the small lumps, or motes, and 
sand are knocked out and are | ed from the fiber 


The cotton is then passed through carding machin 
These cards take out the short fibers and prepare the rr 
maining fibers so that a slight pull or drait on them wil 
cause them to lay parallel to one another, thus preparing 
them for the next processes which draft out and twist the 
fibers together, bringing the product smaller and smaller 
until actual yarn or thread is mad 
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Machinery for Preparing Cotton for Carding and Spinning 


The yarn as it is spun is wound on wooden bobbins, 
which when full hold '/; lb. of yarn. This yarn is trans- 
ferred from these bobbins onto cones or cheeses which 
weigh 3 to 7 Ib.; then from the cones or cheeses the yarn 
is wound onto large beams which weigh 300 lb. The 
yarn on these beams is then passed over machines called 
slashers in which the yarn is subjected to a treatment of 
starch and compounds and dried and wound onto smaller 
beams ready for the loom. This starching, or sizing, of 
the yarn is necessary because of the chafing and rubbing 
that the yarn will be subjected to as it passes through the 
looms. 

Now, all of these machines, as I have said before, are 
made up mostly of cast-iron parts; cast-iron gears, brack- 
ets, cams, arms, etc. However, there are many steel 
journals that are subjected to continual wear. Most of 
this machinery is fast moving and requires settings to 
the thousandth part of an inch, and these settings must 
remain in place. Cotton which is choked up or lumped 
while passing through the machines creates tremendous 
pressures and when these pressures are imposed on cast- 
iron parts, the iron breaks. 

Due to the fact that the settings have to be so very ac- 
curate all through the mill, the management has quite 
a bit of difficulty in getting the mechanics who are 
charged with the efficiency of the machines to use re- 
paired parts. To begin with, the mechanic knows that a 
new part is usually accurately made and, because of this, 
it is easy to set it back into the machine. He also knows 
that if the welded replacement has not been welded in a 
workmanlike manner, it is not accurate and it will not fit 
and will have to be taken out of the machine, brought 
back to the shop and properly repaired. This takes time, 
stops the production and causes dissatisfaction with the 
worker, who is paid only when the machine operates. 
Our management has been through this ordeal and we 
have our fight largely won. We have had our men who 
do our welding properly instructed. Just a few weeks 
ago they attended a welding demonstration in Gadsden, 
Alabama, and they know exactly what will happen if a 
part that has not been properly repaired is sent into the 
mill. Thus we see, that the operation of the acetylene 
torch in a textile mill very definitely ties in with the 
human and personnel relations. It is easy to see the 
difficulty that you run into when you build up a worn 
journal of a cylinder that has to fit within a few thou- 
sandths of aninch. This journal must be built up right 
and accurate to the nth degree and the man who is 
charged with replacing this cylinder must know that and 
accurate job has been done in the building. 

On the modern Draper loom there are approximately 
1800 parts. Most of these parts are cast iron. There 
are three movements in this loom. One, called the 
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A Large Battery of Looms 
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Note the Width of the Cloth Woven, Also the Weaving 
of Colorful Designs. Looms Can Be Widened by Cutting 
Them Into Two Parts a Additional Welded 

ctions 









‘loom motion,’’ comprises the movement of the warp 
threads from the back toward the front of the loom and 
the winding of the finished cloth; the dividing of the 
threads in the warp in such manner that the shuttles ca: 
pass through the divided threads; the shuttle leaving i: 
its wake a strand of yarn known as filling; the motion of 
beating this strand of filling into the fell of the cloth and 
causing the filling thread to take its proper place in the 
cloth. 

The next motion is known as the warp stop motior 
Whenever any thread in the warp breaks it is necessary 
that the loom be stopped immediately, in order that 
cloth will not be made with a thread lacking in the warp 
direction. 

The third motion is called the battery motion. This 
motion automatically changes the quill that is in the 
shuttle and has emptied itself of yarn, with a full quill 
yarn in such manner that there will be no stopping of the 
loom while the shuttle is being reloaded. This change 
also has to be done in such manner that the end of the 
yarn will not run out in the face of the cloth. The chang: 
must always be made at either selvage side of the clot! 

The normal speed of a 40-in. loom is approximately 
170 picks a minute. This means that the loom puts int 
the cloth 170 filling threads a minute. Normally ther 
are approximately 50 filling threads per inch in ordinary 
domestic sheeting, so you can see that the modern loon 
makes about 3 to 4 in. of cloth a minute 

All of the loom motions are abrupt. Each time th 
shuttle crosses the loom it must come to an abrupt stoy 
and immediately be sent back on its return journey 
The filling is beat into the cloth with a backward and for 
ward motion, and the warp stop motion is also controlled 
by a backward and forward motion. The battery is 
very swift moving positive drive. As a matter of fact 
the full quill is placed into the shuttle by a positive blow 
and the empty quill is knocked out of the shuttle by a 
blow. The motion of the harness which has the duty 0! 
separating the warp threads so that space can be p! 
vided for the shuttle to pass through, ‘s controlled by 
quick breaking cams. The loom is stopped positively 
and abruptly whenever any of the threads break, or an 
of its parts break. Asa maiter of fact, a loom is know! 
to ‘‘slam off’’ rather than “‘stop off’’. There is no slowing 
down process, and there is no gathering speed. Whe! 
loom is started, it immediately starts at fullspeed. Th 
whole setting of a loom is done with fine gages and with 
levels. There is practically no guesswork at all, 
merely sighting with the eye. A loom is either leve! 
not level; it is on center or not on center. 

I have given you the above picture to let you see 
yourself the tremendous possibilities of breakage in t 
operation of the modern loom. 
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Worn Journal of a Cylinder, Built Up by Welding and Then Machined 
Accurately to Required Size 



































































































Worn and Broken Parts of Textile Machinery, Repaired by Welding 


We have a contract with the manufacturer of our looms 
to buy replacement parts that go into the loom exclu 
sively from him. We do this because we feel the abs 
lute necessity of having these parts come to us accurately 
made and well machined so that when a replacement part 
is put into the loom we know that it will fit and that there 
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will be no extra length, or high side, or low side. I say 


Launching Invitation 
‘Engraved’ on Stee! 


By A. F. DAVIS' 


OMETHING new in the way of ‘engraved’ in 
vitations was sent out recently by Pennsylvania 
Shipyards, Inc., of Beaumont, Texas, for the 
launching of the Gulf Oil Corporation's motor vessel 
PARATEX.”’ Instead of having printer's ink on paper, 
this invitation, was ‘‘engraved’’ with steel letters on a 
steel plate. The ‘“‘engraving’’ was done in molten steel, 
applied as ‘‘ink’’ by arc welding. 
rhis engraving, first of its type ever used as a launch 
ing invitation, was photographed and sent to invited 
guests. 
The “‘PARATEX,”’ shown being launched in Fig. 1, is 
ol arc-welded construction, 257 ft. 9 in. long, 43 ft. beam 
‘ ft. 6 in. deep, 20,000-barrel capacity. She is for 
canal service and has telescopic masts, stacks and pilot 
house to permit passage under low bridges. 


| Vice-President, The Lincoln Electric Co 
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this to give you an idea of how important it is for proper 
welding to be done in a cotton mill. Every cotton mill 

keeps a very accurate account of the replacements that 

go into each of itslooms. Accurate reports are made out 

every two weeks of the replacements required by each 
mechanic who is charged with the upkeep of a given 

number of looms. Comparisons of the cost of replacing 
parts of their work are made and every effort is exercised 
to keep these costs toa minimum. These mechanics are 

also charged with the production of their stand of looms. 
Naturally, they want to keep the locms running. The 
mechanic has a choice of placing new parts at a dollar per 
part in his looms or a welded part at, we will say, 50 cents, 
in his looms. Naturally, he will choose the dollar part 
rather than the fifty cent part if he feels that the repaired 
part will break after it is fitted into the loom, or that it 
will not fit, thus causing him to have to take it out of the 
loom and take it to the shop to be machined and brought 
to size, with a corresponding loss of production. 

As I have said before, the management knows this 
situation, and so our program in the Avondale Mills, in 
order to get a full benefit of the acetylene torch, de 
mands that the welding operator must be thoroughly 
trained to do his work well in order that the mechanics at 
the loom would just as soon have the repaired part as the 
new part. The program of selling the acetylene torch to 
its full benefit in the cotton textile industry is not a bed of 


roses 





I have gone into some detail ¢ xplaining the necessary 
high breakage in looms. I won't discuss any of the other 
features of our manufacturing processes except to just 
say that we have to contend with more or less erosion in 
our dye plant; that grit and dust and choked up cotton 
lint contribute to our spinning and roving processing 
troubles; that our slashers run into some little leakage of 
steam through the cylinder which can be repaired with 
the acetylene torch. But, in closing, I cannot help but 
reiterate that the full benefit of the acetylene torch in the 
cotton mill can only come about; first, through high-grade 
workmanship and then by a spirit of co 
the machine shop and the foreme: 


yperation between 
of the various depart 


ments 

Pennsylvania Shipyards, In rding to its presi 
det, Charles T. Samuelso1 has constructed a total 
| 15] VE ssels oO] LOOY, arc-we ] 1 ad construction 





Fig. 1—Arc-Welded Motor Vessel ‘‘PARATEX”’ Built by Pennsylvania Shipyards, Inc 
Beaumont, Texas, for Gulf Oil Corporation 
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SHIELDED ARC-WELDING 





By F. E. GARRIOTT 





HERE is no need to emphasize the phenomenal 
growth of arc-welding. Today arc-welding is rec- 
ognized as an important tool in the production of 
all types of machinery, structures and special equipment. 

The universal acceptance of this tool has been largely 
due to the development of coated electrodes. Every 
one is familiar with coated electrodes and the quality 
of the fusion metal they produce; however, few people 
are acquainted with the materials that go to make up an 
electrode coating and the part they play in the welding arc. 

In arc-welding the energy for melting and fusing the 
metal of the electrode and the parent metal is produced 
by an arc-welding generator. In fact, the low voltage 
arc is nothing more nor less than a flexible gaseous con- 
ductor of electricity which is used to transfer metal from 
the electrode onto the work thereby permanently fusing 
the metal parts together. 

In oxyacetylene welding the weld rod is melted in the 
flame produced by igniting a mixture of oxygen and acety- 
lene. The molten metal is fluxed by dipping the rods 
at intervals into the powdered flux or by sprinkling the 
flux along the edges of the parts to be jointed before be- 
ginning the welding operation. It is impractical in arc- 
welding to apply the flux in this manner and therefore 
the electrodes must be coated with such materials. 

Bare rods may be used in arc-welding, however, at the 
present time bare rods are used only in tack welding, 
for welds where good physical properties are unnecessary 
and for automatic welding. All A-1 manual welding is 
done with the shielded-arc type of electrode, this is one 
containing a heavy flux coating. 


~ + Chief Metallurgist, J. D. Adam's Co 


Indianapolis, Indiana 


Fig. 1—Leaning Wheel Road Grader of All Arc-Welded Construction 
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Electrodes 


When using bare electrodes, large amounts of oxyge: 
and nitrogen from the air are picked up by the molte: 
metal resulting in a large percentage of oxide and nitric 
inclusions in the solidified fusion metal causing embrit 
tlement of the weld and therefore possible failure in se: 
vice. 

When welding with a shielded-arc electrode the inert 
gaseous shield and the protective slag covering of th 
deposited fusion metal protects the molten metal fron 
contamination by the air, aids in cleansing the metal by 
fluxing out the oxides formed and aids in refining th 
grain. 

The coating of an electrode may serve the following 
functions: 

1. Stabilize the are by containing materials of high 
thermionic emission. 

2. Protects the metal going across the arc in the form 
of vapor and drops from the oxygen and nitrogen of th: 
air by means of gas- and slag-shielding or both. 

3. Purifies the metal both in transit across the ar 
and in the molten pool. 

4. Controls the viscosity of the weld metal and th 
slag. 

5. Controls the surface tension, brittleness and poros 
ity of the slag and therefore the type of bead deposited 

6. Controls the burn-off rate and therefore speed oi 
welding. 

7. Controls penetration. 

8. Deoxidizes by means of ferro-alloys and cellulos 
9. Lays a protective fluid slag allowing escape 
gases in the fusion metal, excluding harmful gases of the 
air during solidification, preventing excessive oxidation 
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Fig. 2—Weld Metal Tests—(Top) Tensile Test Specimen, (Middle) Bend Test Specimen, 

(Lower Right) Bend Test Comparing Ductility of Shielded-Arc Deposit (Left Bead) 

and Bare Rod Deposit (Right Bead), (Lower Left) Corrosion Resistance Test Comparing 
Shielded-Arc Deposit (Left Bead) and Bare Rod Deposit (Right Bead) 


of the bead and if heavy, has a slight annealing effect on 
the deposited metal. 

10. Adds alloying ingredients to the deposited metal. 

ll. Refines the metal and prohibits excessive loss of 
carbon and manganese in the arc. 

Therefore, electrode coatings generally are composed 
of: (1) A binder; (2) Fluxes; (3) Deoxidizers such as 
ferro-alloys; (4) Alloying ingredients; (5) Slag ingredi 
ents; (6) Arc-stabilizing ingredients; (7) Organic mate 
rials (usually cellulose). 

Such materials as silica, manganese carbonate, rutile, 
asbestos, iron ore and feldspar, are slag forming and also 
act as fluxes and arc stabilizers. 

Most of the ferro-alloys are used in the dual rdéle as 
deoxidizers and alloying agents. 

Cellulose in the form of wood pulp, paper pulp, Solka 

Flock and cotton is used for gas-shielding producing a 
reducing atmosphere upon ignition in the are. It also 
aids in producing a light slag that is easily removed with 
hand tools. 
_ In our research work for the design of new coatings it 
is necessary to know the effect of each chemical ingredi 
ent in the coating and how it reacts under unusually high 
temperatures and in combination with other minerals and 
chemicals. The published research material on this 
subject is very limited, as concerns the coatings them 
selves although there is much printed material on the 
general subject of arc-welding, design, physical tests 
and procedure. 

Electrode designing will probably never be reduced to 
an exact science any more than work with open-hearth 
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steel making, however, there is an unlimited amount 
of work yet to be done in this field for the research 
worker. 

In the first place the classification of the various types 
of shielded-arc mild steel electrodes is rather difficult. 
There are almost as many classifications as there are 
research workers in the field 

One classification would be three types such as: gas 
shielded, semi-slag shielded and slag shielded; or organic, 
a combination of organic and mineral and a purely min 
eral coated. Or we could say, all position, semi-position 
and position types. Basically all of the above classifi 
cations are the same except for terms of expression. For 
simplicity in compounding and analysis the following 
classification has been chosen: gas-shielded, slag-shielded 
(high titania type), and slag shielded (high iron oxide 
type). 

The gas-shielded electrode will be considered first 
since, at the present time it is the most popular with the 
operators. 

This electrode if properly designed can be character 
ized by its ability to be used in all positions, that is, for 
position work, vertical and overhead welding. It de 
deposits an acid slag that is easily removed with ordi 
nary hand tools. The slag is thin, porous and brittle. 
The arc is very steady and is shielded with large volumes 
of inert gases. This gas-shielding excludes the oxygen 
and nitrogen of the air which are detrimental to the fusion 
metal. Spatter is not excessive but usually is more than 
is obtained with other types of electrodes. The burn-off 
rate is high, due to the large amount of combustible 
material in the coating and therefore this type of rod is 
very fast. The penetration can be adjusted to any de 
sired degree. 

The percentage of coating to the coated rod varies 
between 8 and 12%. , 

The physical properties of the fusion metal will vary 
with the particular design of the coating, but normally 
produces excellent physicals combining a high yield 
point and tensile strength with excellent ductility and 
they are decidedly better than the physicals of the parent 
metal. 

These coatings may be applied either by the dipping 
or the extrusion process. Dipping was prevalent in the 
early stages of the industry and is used to a large extent 
in Europe today. However, the extrusion process has 
practically superceded dipping 100% in this country. 
Production costs with extrusion are cut in half. At the 
present time rods are extruded at the rate of 300 per 
min. or approximately 43 lb. of */:6 inch x 14 inch rods 
per min. The goal now is 1000 per min 

A general chemical analysis of a gas-shielded electrode 
coating would be: 


28.32% SiO 
2.54 FeO 
12.00 L105; 
15.85 Mnt do 
0.11 AlsOs 
0.51 CaQO 
2.99 MgO 
2.25 MoO; 
7.20 Na,O 
30.66 Volatile 
102.438% Total 


It should be noted that the oxides above do not total 
100°, but rather in excess of 100°, Chis is due to the 
fact that ferro-alloys and complex silicates are used in the 
compounding of the coatings which are analyzed as the 
oxides. 








To compound such a coating for the extrusion process 
would require the following ingredients: 

SO parts 42.5° Baumé Sodium Silicate 

12 parts Titanium Dioxide 

10 parts Manganese Carbonate 

10 parts Tale 

5 parts Ferromanganese 

24 parts Wood Flour 

2'/, parts Ferromolybdenum 

The sodium silicate is used as the binder to hold the 
other ingredients on the rod. The SiO, content of the 
sodium silicate aids in forming the slag and the NaeO 
improves the arc characteristics. Since CaO is absent 
except for a trace, the high SiO, content makes this an 
acid slag. The SiO, and Na,O also aid in producing 
a fluid slag. Another desirable property of sodium 
silicate is that it acts as a combustion retarder neces 
sary when a large amount of cellulose is present. 

The titanium oxide is added to improve the arc sta 
bility of the rod, acts as a scavenger, thereby removing 
iron oxides and sulphur from the metal to the slag. 
TiO, also forms nitrides with the nitrogen of the air re 
moving them to the slag. The surface tension of the 
slag may also be adjusted with the TiO, content since 
it reduces the surface tension of the resulting slag ena- 
bling one by larger percentages of this ingredient to make 
a resulting slag completely covering the deposited weld 
metal. 

Manganese in the form of MnO, or MnCOQ; is added 
as a slipping agent and to remove FeO from the fusion 
metal to the slag. MnCO; also vaporizes in the arc, the 
Mn forming a reducing atmosphere. This manganese 
will also reduce the COs of the carbonate to CO. Car- 
bon monoxide has been found by research to provide the 
most desirable reducing atmosphere in contact with the 
molten metal obtainable. The ferromanganese is 
added as a deoxidizer and also to bolster the manganese 
content of the fusion metal since manganese in the rod 
is always lost in the arc with a decrease in manganese 
content in the fusion metal. The ferromolybdenum is 
added solely as an alloying agent to increase the physical 
properties, especially the ductility and to refine the 
grain. 

The wood flour is present as a deoxidizer breaking up 
and forming COs, CO and hydrogen in the arc. It also 
aids in producing a friable slag that can be removed 
easily. 

The tale or magnesium silicate is used as a slipping 
agent and also to produce a light, brittle slag. 

This coating is placed on a 0.10-0.15% carbon rod 
which is the most desirable analysis in order to obtain 
good physical properties. If the carbon is too high there 
is an increase in the tensile strength but a decrease in 
ductility while if the carbon is too low the tensile strength 
is low but the ductility high so the happy medium has 
been chosen in this analysis. 

At this point it may be well to describe the effect that 
shielding has upon the deposited weld metal. In the are 
the shielded rod will lose 50% of its carbon while the 
bare rod will lose SO%. A bare rod deposit will contain 
only 17% of its original manganese content while a 
shielded deposit will contain around 77% of its original 
manganese content. The phosphorus and sulphur re 
main approximately the same while the oxygen content 
of a bare wire deposit is increased 600% and nitrogen 
500% over a deposit laid with a shielded-are electrode. 

The slag-shielded, high titania, type of electrode is a 
straight polarity direct current electrode but it can be 
used equally as well on reverse polarity or alternating 
current welding. It is recognized as a fact that any 
straight polarity electrode can be used as stated above, 
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but that one designed for reverse polarity can o1 


used successfully for that type of welding. If ys 
otherwise the welding is accompanied by increased 


spatter and a very poor weld deposit. 

This electrode is also very popular with welding 
tors since it is straight polarity, fast and can be us: 
all positions on poor fit-up work. In most weldi; 
shops a straight polarity rod is desirable becaus: 
operators use large quantities of bare and light, 
electrodes changing at times to heavy coated elect: 
With a straight polarity heavy coated rod the m 
does not have to be changed, thereby causing fewer j 
ruptions in the work. 

This electrode has a fast freezing slag and can 
fore be used successfully in all positions in the smal 
diameter sizes. 

Since the coating contains carbonates, usually, 
small amounts of wood flour, it is partially gas shield 
However, this type is considered to be a slag-shield 
electrode since it is mainly composed of minerals 


The physical properties of the fusion metal deposited 


with this electrode has a high-tensile strength and \ 
point, but is invariably low in ductility due probably 
the fast freezing nature of the slag resulting in a lar 
quantity of slag inclusions. 

A typical chemical analysis shows a high titania 
low volatile and silica content as 


21.759, SiO» 
2.1 } Feat ds 
17.88 TiOs 
£.19 Alot )3 
3.87 CaO 
2.99 MgO 
8.35 MnO, 
3.66 NasO 
8.17 Volatile 

103.00% Total 


To compound such a coating the following ingredie1 
and proportions would be used 
10 parts 42.5° Baume Sodium Silicate 
10 parts Tale 
10 parts Kaolin or Clay 
50 parts Rutile 
6 parts Calcium Carbonate 
3 parts Wood Flour 
5 parts Ferromanganese 
The sodium silicate is again used as the binder 
fortunately a high rutile coating requires less sod 
silicate than an equal amount of pure titanium o» 
Titanium oxide since it is precipitated has greater 
for an equivalent weight of rutile which is ground 
the natural deposits. Low sodium silicate content 


desirable since sodium silicate increases the fluidity of t! 
slag and in this electrode a fast freezing slag is wanted | 


insure its use for vertical and overhead welding. Sil 
is also added in the form of tale and kaolin which 

added mainly as slipping agents and to aid in produ 
a light brittle slag. 

The high titania content is desirable for a number 
reasons. It increases the melting rate of the elect 
therefore, increasing speed of welding. It is an excell 
arc stabilizer having a very high thermionic emiss! 
It has a marked effect upon the surface tension of t 
slag and removed impurities into the slag, primarily 
trogen by the formation of nitrides. 

Mathias has shown by comparing calcium carbo 
and titanium dioxide that a coating of these compou 
approximately one thousandths of an inch thick app! 
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Fig. 3—Sketch Ilustrating Metal Deposition with a Shielded-Arc Electrode 
separately to a */is inch diameter low-carbon electrode 
will give the following melting rates at a welding current 

190 amperes using straight polarity: 

CaCO;....25 grams per min. 
TiO... .53 grams per min. 

It is, therefore, evident that by combining these two 
materials any desired melting rate may be obtained. In 
like manner penetration can be controlled since the 
penetration of the base metal is inversely proportional 
to the melting rate of the electrode. In other words, the 
lower the melting rate, the greater the penetration and 
vice versa. 

The TiO, content after certain percentages are reached 
reduces the surface tension of the slag covering the weld 
bead causing the slag to flow evenly over the entire bead 
giving perfect protection and reducing undercutting. 

Calcium carbonate is added to make the electrode 
definitely straight polarity and to produce a basic slag. 
Any rod that would normally be a reverse polarity rod, 
can be changed to straight polarity by sufficient addi 

ons of calcium carbonate. This seems to be a charac- 
teristic of calcium carbonate alone since neither barium 
nor strontium carbonate seem to have this property 
although very closely related chemically to calcium. 
Calcium carbonate also adjusts the melting rate and 
penetration in conjunction with the rutile. In this 
particular electrode just enough calcium carbonate is 
added to make the electrode straight polarity since 
maximum speed is desirable. An electrode high in 
titania and wood flour is generally a reverse polarity rod 
ind when used on straight polarity spatters and hisses 
with violence, however, by the addition of the proper 
amount of CaCO; this spatter can be greatly reduced. 

The CaCQOs; also aids in stabilizing the are and fur 
nishes COs for gas shielding. Calcium carbonate is the 
best flux known in the steel industry and can be added to 
increase the viscosity of the slag thereby producing a 
laster freezing slag. 

Che ferromanganese and wood flour are added as 
deoxidizers and the manganese from the ferromanganese 
is again used to bolster the manganese content of the 
deposited metal. 

The last main type of mild steel arc-welding electrode 
to be discussed is the slag shielded high iron oxide type. 
his type of electrode was the first shielded-arc electrode 
to be developed growing out of the original German re 
search on arc-welding. The British, however, improved 
the original German electrodes to a considerable extent. 
It was in all probability first introduced into the United 
States by British companies. 
lhe original British electrodes differed from the 
rman in that the British used spiral windings of blue 
asbestos on the rod to which was added a paste of the 
other ingredients. 

(he German electrodes were made by dipping the mild 
steel rods in a paste of iron ore, calcium carbonate, cal 
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cium fluoride, sand and sodium or potassium silicate 
The formulas were very similar to slags obtained in 
open-hearth practice at that time and the original idea 
was probably conceived by one who recognized the 
similarity of the two processes. For really the ar 
welding electrode is merely a miniature open-hearth 
producing a high grade of cast steel. Later they con 
ceived the idea of wrapping paper around the rod before 
application of the other materials and in this manner 
introduced gas-shielding. The purpose for the paper 
at the time was probably to add flexibility to the elec 
trode so that it could be bent in various positions and the 


gas-shielding idea developed out of this experience 


These electrodes should be further divided into two 
sub-divisions. There are on the market today two 
variations of this class, the so-called fillet electrode and 


the flat or down-hand electrode 

The fillet electrodes are second in importance to the 
all-position electrodes because of the ease 
they deposit fillets—that is, sections at 
right angles to each other. All-position and position 
electrodes because of the convex nature of the bead have 
a tendency to undercut when used for fillet welds. Be 
cause of this, stress concentrations occur at the edges of 
the weld and make them undesirable for certain types of 
work. In view of this fact, the fillet rods were developed 
They are very similar in chemical composition to the 
down-hand electrode, but produce a bead that ‘‘washes 
up’ evenly against the sides of the steel plates being 
welded. This washing effect the bead to be 
slightly concave forming an almost perfect 45° fillet 
weld, thereby eliminating undercutting 

Fillet electrode coatings differ chemically from the 
down-hand electrode in that they usually contain more 
volatile material such as wood flour, whereas the position 
electrode is composed entirely of minerals. Also the 
fillet rod may be used for semi-position welding while the 
position rod can be used only on fully positioned work 

The fusion metal of the down-hand rod is probably 
first in quality of the entire group of electrodes. They 
are used almost exclusively for boiler code work because 
of the absence of gas and pin-holes and the excellent 
ductility of the deposited metal. The fusion metal does 
contain a large number of slag inclusions but apparently 
these do not affect the strength of the metal since the 
inclusions are very fine and evenly dispersed 

Che slags for these two electrodes are usually designed 
as basic, however, some electrodes on the market of this 
type do produce acid or neutral slags 

It is possible to use higher welding currents with this 
type of rod because of its heavy mineral coating thereby 
increasing the deposition rate 

The physical properties of the fusion metal are char 
acterized by the unusally high ductility and the expected 
decrease in yield point and tensile strength \ typical 
chemical analysis of the coating would be 


with which 


we Ids along 


causes 


29.42% SiO 
18.73 Fe.O 
19.3] PiQe 
19.60 Mn) 
4.49 MgO 
4.13 CaQ) 
6.30 NaeQ 
8.13 Volatile 
L1O.L1% otal 


It may be well to note the distinguishing characteris 


tics of this type of coating. The silica, iron oxide and 
manganese oxide contents are very high he titanium 
oxide content is medium and the volatile material is low 


In some cases, the only volatile material present can be 
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accounted for by the carbonates and water of crystalliza 
tion present. In other cases, a small amount of cellulose 
has been added. The basic materials must of a neces 
sity be high to compensate for the high silica which is 
necessary to produce a fluid slag but is acidic in nature. 

The coating must be adjusted with great care for the 
fillet type of electrode because it is through viscosity, 
volume, and surface tension of the slag that we obtain 
truly concave fillets. This is the reason why this type of 
electrode is manufactured with such a large percentage of 
coating that is so objectionable to most welding opera 
tors. 

The compounding formula for such a coating would be 

70 parts 42.5° Baumé Sodium Silicate 

20 parts Rutile 

15 parts Manganese Carbonate 

20 parts Iron Ore 

5 parts Ferromanganese 
15 parts Tale or Asbestos 
6 parts Calcium Carbonate 

Ilmenite which is a 50-50% composition of iron oxide 
and titanium oxide may be substituted for the rutile 
and iron ore. The effect in the arc is practically the 
same. It is lower in price than rutile and may, there 
fore, be used to advantage, where the iron oxide content 
also is to be high. 

Also kaolin or clay may be added to aid slipping 
through the dies although it is not necessary if using this 
particular formula. 

This rod as designed produces a basic slag. The 
calcium carbonate making the rod definitely straight 
polarity. The high iron oxide content produces a very 
smooth, quiet arc action which may be further improved 
by small additions of charcoal. The titanium oxide 
controls the penetration, surface tension of the slag, 
and the burn-off rate of the electrode. Enough silica 
must be present to form complicated silicates with the 
FeO thereby removing the ferrous oxide to the slag and 
reducing the amount of iron oxide inclusions on the 
fusion metal. 

The low-alloy high-tensile steel electrodes have been 
developed only recently in conjunction with the increas 
ing demand for these types of steels in structures where 
great strength with a minimum of weight is desirable. 

High-carbon steel welding is almost impossible to 
accomplish without serious effect due to cracking be 
cause of the air-hardening nature of these steels. 

The introduction of the low-alloy, high-tensile steels 
has not only aided in reduction of weight in large struc- 
tures, but they have also made possible the welding of 
structures requiring the high strength formerly obtained 
by the use of medium and high carbon steels thereby 
simplifying design, decreasing fabrication time and cost 
and decreasing the weight further by eliminating rivet 
design. 

These new alloy steels obtain their unusual physical 
strength by means of additions of chromium, nickel, 
molybdenum and other alloying materials to a low- 
carbon steel. The objectionable air-hardening effect 
encountered in the high-carbon steels is almost lacking 
in the welding operation. 

These low-alloy steels have been divided into two 
main classes; the pearlitic group, obtaining the high 
strength from the formation of carbides of the alloying 
elements such as carbon, chromium, tungsten and 
manganese. The second group is known as the ferrite 
strengthening group in which the increased strength is 
due to the fact that the alloys dissolve in the iron matrix. 
These alloys are those of copper, nickel and molyb 
denum. 

There are, at the present time, on the market two 
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different types of these electrodes. The most genera) 
type consists of a regular mild steel electrode ‘ 
coating of the gas-shielded type plus alloying 

such as molybdenum, vanadium, etc. that are incor 
rated in the fusion metal at the welding temperatyy, § ( 
This type of electrode is the lowest in cost and . 
excellent results with almost all of these steels . 
the nickel series 

The other type of electrode in this class is much mo, 
specialized in that the base rod is of the same anal 
as the plate to be welded. Of course, this is th 
desirable type of the two and where the best welds 
required this type should be used. This type, how: 
necessitates carrying of large stocks of the 
analyses in base wire and special care must be exer 
so that these many grades do not become mixed ii 
stock room. The price increase in the base wire is 
a point to be considered. The coating for this typ: 
electrode is a standard coating used for protectio1 
are stabilization only. 

With the introduction of the stainless steels, fabr 
tion became of vital importance resulting in the devel 
ment of special arc-welding electrodes. Welding 
absolutely necessary because appearance as well 4 
strength at the joints is necessary on most of the equi; 
ment where these steels are used. 

It is practically impossible to weld stainless steel wit 
a bare electrode. The iron and nickel are not aff 
in the welding operation but the intense heat readil 
oxidizes the chromium producing welds containing 
inclusions with a burnt appearance that will be 
porous, leaky and brittle. 

There are numerous analyses of these steels « 
market. They range from the 4-6%% straight chrom 
type, through the higher chromium series such as th 
straight 18% chrome, to the chrome-nickel series, m 
common of which is the 18-8 type. Fortunately for 1 
compounder all of these analyses require the same kind 
coating. 

The typical coating is composed of calcium carbonat 
calcium fluoride, ferromanganese and sodium sili 
Calcium carbonate in large amounts is necessary in order 
to raise the melting point of the coating to avoid blister 
ing because of the very low temperature coefficient 
stainless steel. The carbon dioxide also shields th 
metal from the oxygen of the air preventing excessiv 
oxidation of the chromium. The calcium fluoride in tl 
coating is undesirable for the operator since the fluorides 
given off are very irritating to the nose, throat and lung 
membranes. It is, however, and we might say wu 
fortunately, one of the best fluxes known and is used t 
remove the large amount of oxides formed in welding 
chromium bearing steels. 

Another type of stainless steel electrode that 
rapidly replacing the calcium fluoride type is one with 
coating made up of calcium carbonate, titanium dioxid 
sodium silicate and ferromanganese. This type 0! 
stainless electrode is much more desirable due to 
elimination of calcium fluoride from the coating. Als 
a much smoother bead is produced with increased eas' 
handling. 

Alloy steel welding is relatively new today with 
future unfolding that is unlimited. The greatest advai 
in welding will occur within this field in the near futuré 

There is much yet to be learned about all type 
welding electrodes and it is not the intentions of 
author to introduce any set rules but merely to sugg' 
and enumerate observations and deductions with th 
idea of increasing interest in further research which 
badly needed at the present time in the arc-welding 
dustry. 
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not expand and contract when heated and cooled we 

would have no shrinkage question There would be 
no shrinkage trouble either if we could do our welding 
without any changes in temperature, cold welding like 
cold light. As a matter of fact, there are metals such as 
Invar which do not expand or contract when heated 
through small characteristic ranges of temperature, and 
furthermore we can deposit metals from a plating bath o1 
from a high vacuum at room temperature. From the 
practical standpoint, however, all the common processes 
of welding involve heating small portions of the parts to 
be welded to temperatures up to the melting point 
For example, in spot welding the parts are held in contact 
during the passage of a heavy current which creates the 
heat for fusion and welding. In gas and arc welding the 
weld metal is deposited in the joint in the molten state, 
uniting by fusion with the base metal. 

During the heating for welding there is expansion, 
during cooling there is contraction, or shrinkage. The 
amount a piece of metal expands or contracts during 
passage through a range of temperature is easily calcu- 
lated from the coefficient of expansion. This coefficient 
is simply the fraction of an inch change in length of a 
piece of metal 1 inch long when its temperature is changed 
1° C. The coefficient of expansion of mild steel is ap- 
proximately 0.000007 inch per inch per degree Fahr. (12 
xX 10-*° per ° C.) at ordinary temperatures. If we 
neglect some minor factors, we can see that in heating 
mild steel from 0° C. to the fusion point, say 1500” C., 
the increase in length will be 1500 & 0.0000012 = 0.015 
inch per inch of length, in other words, an elongation of 
1.8%. In view of the limited ductility of steel in definite 
temperature ranges, particularly near the melting point, 
an elongation of 1.8% is significant. 

The only way in which we can prevent the natural 
thermal expansion of a metal is by stress. If we apply 
compressive stress in Fig. 1 to a metal we compress the 
metal by an amount proportional to Young’s modulus, £, 
which means that for each 1 lIb./in.* stress applied we 
reduce the length of the metal by 1/E (1/30,000,000 inch 
per | Ib./in.* for mild steel). For example, if we wish to 
decrease the height of a 1-inch steel cube by 0.001 inch 
we must apply a stress of 30,000,000 * 0.001 30,000 
lb./in.2 To cause the steel cube to return to its original 
height under the compressive stress we must raise the 
temperature from 7) to 7; = 0.001/0.000012 = 850°” ¢ 
neglecting minor factors. The reverse process of heating 
following by compression to return to original length is 
illustrated in Fig. 1. 

The example shows that a most important limitation 
must be placed on our simple shrinkage calculations, for 
we know that steel at a red heat, 850° C., would yield 


L: STEEL and brass and the other metals we weld did 
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SHRINKAGE DISTORTIONS 
and Shrinkage Stresses in Welding 


and flatten out under a compressive stress of 30,000 Ib 
in.? It is true that we can restrain thermal expansion or 
contraction by compressive or tensile stress, but the 
stress involved must not cause permanent, inelastic dis 
tortion or cracking at the temperature we are considering 
If cracking or permanent distortion is produced then our 
calculations fail to hold 

For instance, in Fig. 2 we have a heavy plate with a 
notch 1 inch wide In the notch we insert a piece of 
hot cast iron 1 inch long and assume that it welds com- 
pletely at the ends to the sides of the notch Let us 
study the behavior of the cast iron as it cools in the 
rigid frame. As it cools the cast-iron bar tends to shor 
ten, but is prevented by the rigid frame. Prevented 
from contracting, the cast iron as a result is subjected to 
tensile stress during cooling. For Centi 
grade decrease in temperature the l-inch piece of cast 
iron tends to shorten approximately 0.000012 inch 

Since the cast iron is prevented from changing in 
length, the tensile stress induced in it for each degree 
Centigrade decrease in temperature is 12,500,000 > 


each de prec 


0.000012 150 Ib./in.*, where Young’s modulus for 
cast iron 12,500,000 Ib./in.* If our cast iron 1s of 
average grade it may behave in the ordinary tensile test 
as shown in Fig. 2 and may fracture with an elongation 


of 0.4%, that is, 0.004 inch per inch The initial tem 
perature to which we would have had to heat the cast 
iron so as just to cause fracture at 0° C 
0.004/0.000012 = 344° C. Our calculation confirms 
our experience that if we locally heat iron with 
torch or arc to a “‘black heat”’ we are likely to crack it 
On the other hand, if the material we inserted in the 
notch in Fig. 2 were mild steel with an elongation of 20%, 
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Fig. 1—Bar of Length L at Temperature To Is Heated to Temperature 7; at Which the Length 
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Fig. 2—Ductility and Strength, Particularly Ductility, Determine Whether the Hot Piece 
Inserted in the Rigid Frame Will Stretch or Crack During Cooling 


that is 0.20 inch per inch, the initial temperature would 
have had to have been theoretically 0.20/0.000012 = 
16,700° C. (m. p. steel = 1500° C.) to have just caused 
fracture at0° C. The calculated temperature, although 
it is useful as an indication of the ductility of mild steel, 
is fictitious. Not far above 400-500° C. our steel will 
have lost most of its strength and we will have encoun- 
tered the difficulty of plastic yielding that we encountered 
earlier in our discussion. 

Our introductory discussion thus far has shown that 
there are two major aspects of shrinkage in all types of 
welding, namely, shrinkage distortion and shrinkage 
stresses. By shrinkage distortion is usually meant the 
overall motion of parts being welded from the position 
occupied before welding to that occupied after welding. 
For example, the distortion of a weld made in two parts 
held everywhere with absolute rigidity during welding is 
probably zero, yet the shrinkage stresses in such a 
welded part may be high. On the other hand, the dis- 
tortion of a completely stress relieved, or highly pre- 
heated weld between two parts free to move during 
welding may be large, whereas the residual shrinkage 
stresses may be zero. Since the distortion caused by 
welding isnot necessarily related to the residual shrink- 








age stresses, the two phenomena are dealt with epa- 
rately in what follows. Our method of approach wil] be 


through facts to hypotheses. st 





SHRINKAGE DISTORTION 


The salient fact about the shrinkage of butt welds ic 
that the shrinkage perpendicular to the weld is rough) 
proportional to the cross sectional area of the weld. as ti 
shown in Fig. 3 (see July 1937 WELDING RESEARCH Syp Ww 
PLEMENT, page 30, Fig.2). The larger the amount of weld 
metal deposited in the joint the greater is the shrinkay: 
Shrinkage also increases as the heat input to the weld 
increases, and is greater for gas welding than for arc, 
in turn greater for covered electrodes, in general, than for W 


bare. It should be remembered that the temperature 

gradient in gas welding is much softer than in arc. It js a 
not bad practice to make 75% greater shrinkage allow : r 
ances for gas welds than arc welds in mild steel '/, t 

inch thick. A finish allowance of !/s inch is often made d 
in the arc welding of small machine bases, which may 
increase to '/2 inch for large complicated bases. In ar 


welded partitioned assemblies an allowance of !/, inch 
for each V butt or fillet weld is good practice. 

The average spacing allowance per foot of a gas-welded 
seam in sheet metal '/s inch and less in thickness is 


'/, to */s inch per foot for steel 

$/,.inch per foot for brass, bronze and copper \ 
'/sinch per foot for aluminum 

°/16inch per foot for lead 

*/,inch per foot for Monel metal 


In other words, to lay out two sheets of steel, '/s inch 
thick or less and 1 foot long for butt welding, the edges 
at the starting end should be brought together and the 
edges at the finishing end should be spaced '/, to */s inch 
apart. Spacing allowances between 60° V butt ar 
welds in ship steel are: 


'/1s inch for plate up to and including '/, inch thick 
(10 lb.-ft.) 

*/3o inch for plate up to and including */s inch thick 

'/, inch for plate over */s inch thick 


The angular distortion of butt welds is represented i1 
Fig. 4 (see July 1937 WELDING RESEARCH SUPPLEMENT 
page 32, Fig. 4), and is caused by the greater amount of 
weld metal in the upper part of the V than in the lower 
It has been found that a 60° V weld ('/s inch root spa 
ing) in */, inch mild steel plate may have an angular 
distortion of 1° if made in 3 layers by covered electrodes 
or 8° if made in 8 layers. Angular distortion of butt 
welds can be prevented by using X welds or by peening 

The shrinkage parallel to a butt weld, that is, in the 
direction of the weld, is 0.03% of the length for 90° \ 
in mild steel */s to '/. inch thick, which is not rigidly 
clamped. Since the shrinkage parallel to a butt weld is 
only a small fraction of the solidification shrinkag« 
steel, it has been concluded that solidification shrinkag 
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Fig. 5—Intensifying Distortion by Corner Welding. 
Dotted Lines Represent Position After Cooling 


tortion and Welding. 
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Arrow Indicates Direction of Dis- 








; practically no part in the distortion and shrinkage 

“tresses in welding by any process. 

fhe main principle to be kept in mind in reducing 
kage distortion in practice is: distortion is greatest 


7 direction suggested by the maximum amount of 
weld metal deposited and is intensified by corner welding, 
Fic. 5. Corner welding is particularly troublesome if 
there is opportunity for buckling. Remedies for distor- 
tion are: (1) pre-distortion, Fig. 6; (2) avoidance of corner 


welds, Fig. 7; (3) peening; (4) crimping or relieving, 
Fig. 8; (5) preheating; (6) wandering sequence, step 
hack welding; (7) hot spots, Fig. 9; (8) tacking; (9) mak 
ing the weld as symmetrical as possible with as little heat 
input as possible; (10) cooling the vicinity of corner 
velds in sheet metal; (11) clamping. 

It is perhaps surprising that so simple a phenomenon 
as welding distortion is so difficult to formulate theo- 
retically. Not withstanding, there is not a single good 
quantitative formula for distortion involving merely the 
dimensions of the parts to be welded and the physical 
constants of the metal. An example of the only type of 
theoretical formula that has been evolved (Malisius’ 
formula) is: 


, -Q 77 
$= (4x§ + BW) 13 


where S shrinkage across a butt weld, mm. 

A = (0.6 X total linear thermal expansion (mm 
of a bar of metal 4*/, inches in length at 
: l | 
right angles to the weld from 7) to ~ 
(= 0.0044 for steel) 

l initial temperature of base metal, ° C 

I, temperature above which the base metal is 
no longer elastic (7; > 7 

B = total linear thermal expansion (mm.) of th 


weld from 7, to 7; in a direction at right 
angles to the weld (= 0.0093 for steel 


W average breadth of weld, mm 

K a constant depending on the thermal out 
put of the welding process and the thermal 
conductivity 

K 43 for are welding, bare electrodes 

K 45 to 55 for coated electrodes 

K 64 for atomic hydrogen welding 

K 75 for oxyacetylene welding 

O cross section of weld, including reinforcs 
ment, sq. mm. 

D = thickness of plate, mm. 


Although the formula agrees quite well with shrinkag 


measurements on welds in practice, it is little better than 


empirical. The factors 0.6 and 1.3 are purely arbitrary 
ind the basic assumption in deriving the formula is that 
movements due to shrinkage are not transmitted to the 
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Fig. 6—Pre-distortion 


DISTORTIONS AND STRESSES IN WELDING 
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Fig. 7—Avoidance of Corner Welds 


plates but are completely absorbed by the weld metal 


until the latter has cooled to 600° ¢ Nevertheless, the 
formula correctly indicates the important effect of weld 
ing heat on base metal in providing the major source of 
shrinkage 

Shrinkage distortion is most pronounced in thin plate 
and sheet below about */s inch. In thicker material dis 
tortion gives way to shrinkage stresses as the more aggra 
vating consideration. 


SHRINKAGE STRESSES 


The rupture of parts, such as rigid cast-iron frame 
works, by locally changing the temperature to a moder 
ate extent is well known.  Failurs caused by the so 
called thermal stresses, which are a result of local tem 
perature strains. Parts to be fusion welded are pra 
tically always subjected to large and local temperaturs 
variations which create local strains Che local strains 
are created at the very first application of heat and vary 
throughout the entire process of welding and subsequent 
cooling. The strains may be due to the effects of tem 
perature alone, or to changes from liquid to solid; from 
austenite to pearlite; from non-magnetic state to mag 
netic, et Except under unusual unrestrained condi 


tions these local strains give rise to local stresses, which 
vary throughout the period of welding and cooling, but 
which , in general, by no means vary in direct proportion 
to the local distortions Although the stress« exist 
and vary throughout the process of welding, it is only the 


stress in the finished weld after cooling to normal tempera 
ture that has been experimentally investigated 

here are two types of shrinkage stresses due to weld 
ing: (1) stresses due to restraint ») stresses in the 
immediate vicinity of the weld and independent of re 
straint Shrinkage stresses due to restraint, may b 
observed in the rigid frame specimen shown in Fig. 10 
see Nov. 1937 WELDING RESEARCH SUPPLEMENT, page 
14, Fig. 10 During the welding of the 70° V butt weld 
the two halves of the weld nd t hrink together 


Their movement is restrained b side bars As wi 
found earlier in our discussion, the restraint of thermal 


shrinkage creates shrinkage stresses due to restraint 
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Fig. 8—Relieving and Crimping Are Means of Avoiding Difficulties in Welding Sheet 
to Plate 
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Fig. 9—Correcting Distortion by Means of Hot Spots (Piette) 


The welded plates themselves are in tension whereas the 
side bars are under compressive stress to maintain equi- 
librium. The stresses are determined from measure- 
ments made before and after welding of the distance 
between gage points on the specimen remote from the 
weld and heat-affected zones. 

The shrinkage stresses due to restraint (called reaction 
stresses) are generally distributed uniformly over the 
cross section and may vary from very low stresses to 
stresses in the vicinity of the yield strength. For ex- 
ample, the reaction stresses shown in Table 1 have been 
measured in arc-welded mild steel plates '/, inch thick 
5 layers, the ends of which were welded with heavy fillets 
to massive steel billets in order to provide restraint. The 


Table 1—Reaction Stresses in Arc Welds. Orr” 


Tensile Reaction 


Free Length, Inches Type of Welding Stress, psi 


9 Slow 29,000 
9 Fast 27,000 
58 Slow 16,000 
58 Fast 9,500 
9 Peened cold 10,000 
9 Peened hot 11,000 


results show that reaction stresses decrease as the free 
length is increased especially if the plates are wavy 
before welding. A decrease in heat input by performing 
the welding as rapidly as possible resulted in a decrease 
of reaction stress. Peening also decreased the reaction 
stress. 

The growth of the reaction stress during welding a 
specimen similar to that shown in Fig. 10 is shown in 
Fig. 11 (see Nov. 1937 WELDING RESEARCH SUPPLEMENT, 
page 16, Fig. 15). The major contribution to the reac- 
tion stress was made during cooling after welding had 
been completed. As a matter of fact, it was found in 
testing a welded specimen of the type shown in Fig. 10 
that three hours after welding the weld was cool enough 
to bear touching with the hand and the side bars had not 
distorted. During further cooling, however, to room 
temperature the heavy side bars buckled about 1 inch 
away from the weld. The reaction stress develops par- 
ticularly after the weld has cooled below about 600° C. 
Above 600° C. (mild steel) plastic yield of the weld metal 
automatically relieves all the stress. 

The reaction stress may be developed parallel as well 
as perpendicular to the weld. If the slots in the speci- 
men shown in Fig. 10 were not cut, there will be reaction 
stresses parallel as well as perpendicular to the weld. 
An instance of this sort is exemplified in the welding of a 
short crack in, let us say, a plate of a boiler. 

In addition to reaction stresses, which are not ob- 
served in plates that are free to move during welding, 
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there is another type of shrinkage stress which occurs jy 
the immediate vicinity of the weld and is independent of 
restraint. If, after welding the specimen shown in Fig 
10, we prolong the slots to the ends, thus releasin, the 
welded section from the restraint of the side bars. we 
find, that the reaction stress is entirely relieved. Th, 
restraint having been cut away there is, of cours: 
longer any shrinkage stress due to restraint. 
Notwithstanding, there are still shrinkage stresses 


| 


the second type mentioned above (called residyal 
stresses) remaining in the welded section that has been 
cut out. These stresses, which are independent of ex. 


ternal restraint, show their presence if we cut out each 
short gage length. We find that the distance between 
gage points is different after cutting from before cutting 
The change in gage length so measured can be converted 
to stress by the use of the usual formulas involving 
Young’s modulus. In this way we determine the x 
sidual stresses in all regions of the welded plate. 

The residual stresses, unlike the reaction stresses. ar 
not at all uniformly distributed and are generally con 
sidered to exist in two directions: namely, parallel and 
perpendicular to the weld. The residual stresses paralle] 
and perpendicular to the weld are computed from 
measurements on gage lengths parallel and perpendicu 
lar, respectively, to the weld after welding and after 
cutting: The residual stresses are generally maximum 
in the weld or in the adjacent heat-affected zones. Typi 
cal distributions of residual stress perpendicular to th 
weld are shown in Fig. 12 (see Nov. 1937 Wetpinc 
RESEARCH SUPPLEMENT, page 12, Fig. 8a). The edgy 
of a butt weld is usually under compressive residual stress 
the middle portion is under tensile residual stress. The 
residual stress is often close to the yield strength in ar 
unrestrained butt weld. If the butt weld is made unde: 
restraint, the reaction stress is algebraically superposed 
on the residual stress, the maximum again being close t 
the yield strength. If the reaction stress perpendicular to 
the weld is high it may exceed in numerical value th: 
compressive residual stress at the edge. The niet stress 
at the edge in this event, will be tension. 

The residual stress in the weld and parallel theret 
varies from zero at the edges of an unrestrained butt 
weld to a maximum tensile residual stress in the middle 
portion. In the heat-affected zone the residual stress 
parallel to the weld decreases to zero and becomes com 
pressive as the distance from the weld increases. Lik 
the perpendicular residual stress, the maximum residual 
stress parallel to the weld often approaches the tensile 
yield strength at the center of the weld. 

A combined plot of the two types of residual stress i1 
an unrestrained butt-welded plate is shown in Fig 
(see Nov. 1937 WELDING RESEARCH SUPPLEMENT, pagt 
12, Fig. 7). The two conditions of equilibrium that must 
be fulfilled are: (1) the total compressive residual stress 
in the free plate must equal the total tension, (2) th 
moment of the cross sections under tensile residual stress 
calculated about the center lines of the plate must equal 
the moment of the cross sections under compressiv' 
residual stress. 

A theory that predicts the residual stresses parallel t 
the weld has been evolved by Boulton and Lance Martin 
for a few highly specialized cases. Stated briefly the 
theory accounts for the high-tensile residual stress in and 
close to the weld metal by assuming that at temperatures 
above about 600° C. during the deposition of weld metal 
the highly heated base metal is permanently compressed 
by compressive stresses parallel to the weld and abov' 
the yield strength at the elevated temperatures involved 
The compressive stress created during the early stages !s 
caused by the restraint offered by the cold parts o! 
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plate to the thermal expansion of the parts near the weld 
and rising in temperature. During cooling the parts 
that have been permanently compressed endeavor to 
we sain their original dimensions by thermal contraction. 
At this stage the colder parts offer resistance to the ther- 
mal contraction and since the temperature has fallen to 
near room temperature, high tensile residual stresses are 
developed therefore in the regions that had undergone 
permanent irrecoverable compression. The theory in 
its present rudimentary state of development is appar- 
ently on the right track but a good deal still remains to 
be expl lained about residual welding stresses. 

For example, shrinkage stress measurements on 
welded boiler drums, plate girders and flame cut plates 
have been made in which the degree of restraint is ex- 
ceedingly difficult to determine and for which no explana- 
tions have yet been given. An instance is the distribu- 
tion of shrinkage stress in the butt-welded 7 beam with 
reinforced tension edge shown in Fig. 14 (see Nov. 1937 
WELDING RESEARCH SUPPLEMENT, page 25, Fig. 26). 
The reinforcing bead has been designed to place the ten- 
sion edge of the beam under initial compressive stress, 
which is desirable from the fatigue standpoint. 

One possible effect of a complicated distribution of 
shrinkage stresses, particularly in plates thicker than '/; 
inch, is the occurrence of bi-axial or tri-axial stresses. 
A portion of a metal is under tri-axial stress if stresses 
are acting in three planes at 90° toeachother.) Under bi- 
or tri-axial stress the ductility of a metal as determined 
in the ordinary uni-axial tensile stress may be reduced or 
increased, depending on the stress system. If the three 
stresses involved in a tri-axial stress system are all tensile 
it is likely that the ability of the metal to deform (its duc- 
tility) will be automatically reduced. Under such cir 
cumstances cracks may occur. In any case, tri-axial or 
not, cracks are caused by stress, and welding cracks, 
seldom as they occur, are very often caused by shrinkage 
stress. 

Fundamentally, there are four ways of avoiding or 
eliminating shrinkage stresses in welding parts: 

1. Preheating (usually preheating to 100 to 300° C. 
followed by slow, uniform cooling is effective). 

2. Ingenious welding sequences (correct welding se- 
quence, for example welding from the center outwards 
in ship welding in order that the outlying unwelded por- 
tions can move freely toward the center, can do much 
to reduce reaction stresses but are not to be relied upon to 
reduce residual stresses. Back-step welding cannot be 
recommended to reduce residual stresses). 

3. Stress relief by heating the entire weld part uni- 
formly to a temperature at which the metal creeps under 
low stress but which does not cause sagging (1200° F. for 
mild steel). Fig. 15 (see Nov. 1937 WELDING RESEARCH 
SUPPLEMENT, page 39, Fig. 45) shows the relief of reac- 
tion stress in welded mild steel as a function of tempera- 
ture and time. The higher the annealing temperature 
the shorter need be the time. For e xample, if the soak- 
ing time is one hour per inch of thickness in butt-welded 
mild steel, the shrinkage stress may be reduced to 6000 
lb./in.* at 1000° F., but to 2000 Ib./in.? at 1200° F. 

4. Stress relief by overstrain, in which a uniform ex- 
ternal stress is applied to relieve local residual stress. 
Stress relief by overstrain probably occurs to quite an ex- 
tent in the service life of welded parts, but the method is 
difficult to apply intentionally and is not recommended 
for practical purposes. Peening may be regarded as a 
form of stress relief by overstrain, but is not effective in 

reducing residual stress. Experience has shown that if 
no cracks are observed during welding and subsequent 
cooling, the welder need have little fear that his welds 
will crack in service 





It should be pointed out that water cooling of sheets 
or plates during welding may be a very useful means of re- 
ducing distortion, but may increase the shrinkage 
stresses. From the standpoint of shrinkage stresses the 
heat input to the weld has an effect that depends to a 
great extent on the shape and dimensions of the welded 
part. For a given joint gas welding may or may not 
create lower residual stresses than arc welding, depend 
ing on conditions 


SUMMARY 


Shrinkage distortion and shrinkage stresses in welding 
both arise from the local and usually large temperature 
inequalities inherent in all the common welding pro- 
cesses. Except for their common origin, distortion and 
shrinkage stresses are quite unrelated. Some of the 
means for reducing distortion have a bad effect on shrink 
age stresses. On the other hand, some of the means of 
eliminating shrinkage stresses have no effect whatever 
in distortion. Shrinkage stresses themselves are of two 
kinds: reaction and residual. The reaction stresses exist 
in parts that are welded under restraint. If the restraint 
is removed, the weld and its vicinity contain only the 
residual stresses, which remain after the reaction stresses 
are relieved. Reaction stresses may be minimized by 
proper weld sequence. Residual stresses may be mini 
mized by preheating and may be removed almost en- 
tirely by proper heat treatment. Peak stresses in non 
stress relieved assemblies are equalized to a considerable 
degree in service. Valid explanations for shrinkage dis 
tortion and shrinkage stresses are only beginning to be 
evolved. 
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Visual Inspection 


ot Welds 


The Importance of Each Operator Knowing the 
Necessity of Visual Inspection 


By J. F. GIPSON 


URING the past five years it has been my experi 
D ence in the capacity of Welding Foreman and 

Welding Instructor that welders as a whole, need 
further instructions to enable them to do a better job 
and to know why they are doing it. In my present 
position that of Welding Instructor, and through careful 
consideration of all facts, I have set up the following as 
the first step in which to give the operators the necessary 
instruction and information. 

Welding in general is somewhat simpler than it seems, 
although in some cases the most important part is left 
up to the welder, that of weld inspection. Assuming 
that we are using the proper machine, electrode, polar 
ity, set-up and manipulation of the arc, there is only one 


other source of danger, which is visual inspection. This 
danger is one that is completely controlled by the opera 
tor and therefore is the operator's responsibility. He 
must be capable of knowing whether or not the weld has 
the characteristics of a good bead or deposit. This 


+ Chief Welding Instructor, Jourden Schox 
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however, must be judged as the weld 1s being made. There 
are four variables which come under this subject. 

We will discuss these four points in order of their im- 
portance. 


Ist. Arc Sound 


As each experienced operator should know the sound 
of the are is sufficient proof by which to determine 
whether or not we have the proper arc length. It is 
already a known fact that an arc of proper length will 
give off a sharp crackling or frying sound. Whereas a 
long arc has a soft sound and the short are a very sput- 
tery sound. The long are gives us a weld that is very 
badly oxidized which means that the deposited metal 
will be hard and brittle. Still another bad feature of the 
long arc is that the splatter loss will be greatly increased. 
This, of course, will not help deposit efficiency any, and 
raises the cost per pound of weld metal. In the event 
that the product is to be given a protective coating such 
as paint, galvanizing, calorizing, metal spray and many 
others will add to the cost of preparation of the welded 
product for these coatings. This splatter must be 
cleaned off properly. If it is not, there is the danger of 
it breaking off after coating and leaving a bare spot. 
These bare spots may be at a critical point or place that 
might tend to scrap the whole structure. These facts 
are set forth to give the operator some idea as to what is 
holding up the progress of welding. 


2nd. The Burning Off of the Electrode 

It would be well to review the transfer of metallic 
weld metal. This is a subject upon which there is a 
great deal of discussion. There seems to be three 
separate stages in the transfer of a single drop of metal in 
passing from the electrode end to the base metal. 

The first stage is when the arc is struck, starting the 
arc stream. At this stage of the transfer, assuming that 
we are using straight polarity, a crater is formed in the 
base metal and the rod begins to melt. This forming 
of the crater is the thing upon which penetration and 
fusion depends, and also makes a spot ready to receive 
the molten metal from the electrode. 

The second stage is that when the rod end after start 
ing to melt becomes the proper size, (which is approxi- 
mately the same diameter as the electrode) comes in 
contact with the parent metal and extinguishes the arc 

In the third stage the drop or globule necks off and 
spreads over the surface of the parent metal, and re 
establishes the arc. 

This being the case we will find that if our are length 
is too long, the gaseous shield around the arc will be 
broken and the weld metal will pick up the oxygen and 
nitrogen in the atmosphere forming oxides and nitrides 
which causes the weld to be hard and brittle. 

This completes the cycle, which takes place over and 
over again. Whereas if the proper arc length is held the 
rod will burn off evenly. In the case of coated or shield 
are rods, the coating and core will burn evenly. It can 
be definitely determined by the appearance of the rod 
end, the operator's ability in holding the proper length 
are. 


3rd. Fusion and Penetration 

The word fuse according to Webster is to liquify by 
heat. The word fusion means an act or operation of 
fusing; a state of being melted or blended; complete 
union. From this definition of the word, one can get 
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a very good idea as to what it means. If fusion inea, 
the melting and joining of metal then the bette: 
nique we use, the less we have to worry about 
The word penetration is one of the most misyseq 
words in industry. Most handbooks give the followin 
— 
By C 





as a definition. Penetration is the depth of the crate; 
This, in my opinion, is only about '/; of the true pictyr, 
Penetration is the volume of weld metal by weight | 
actually deposited and fused beneath the surface of th, 
parent metal. In other words penetration means tha; 
the parent metal is melted sufficiently to result 
deposited weld metal being clean and of good qualit, 
and is not any greater than is necessary to get good fy 

sion. This definition in the handbooks is probal 
reason for the wide misuse of the word. It is supposed 

by many engineers that complete penetration is necessan tol 
in all welds. This is not true and cannot be the casi aml 
In the testing or qualification of operators, specimens 
are subjected to a series of tests which sometimes do not ally 
give any usable information where complete penetratio: 5 (Ot! 
is not required. In the case of structural work complet: the 
penetration is almost an impossibility inasmuch as th 


Div the 


design will not permit it. While on the other hand fer 
practically all vertical and overhead welds are made wit! im 
little or no penetration. Many engineers also overd val 
sign structures with much more welding than is necessary , SIS 
to make joints that will carry a predetermined load or B set 
stress. Penetration is a variable that is dependant o; me 
fusion, and also the operator's skill or ability to deposit mm 
the bead. In other words if one does not weave 
oscillate the bead in making, the penetration will be less se 
than a bead that is weaved. This test should be mad - 
by every operator and proved to his satisfaction af 
tic 


4th. The Forming of the Bead 

The appearance of the weld is as a matter of fact th: , 
most important part of the operation. Each bead as 
is laid down on the base metal is an example of the opera 
tor’s ability to cast and mold the metal into a pr 
determined pattern. Handwriting experts claim 
they can judge a man by his writing. The same thin 
may be also said about welding. In the forming 
beads the operator will usually acquire the practic« 
making all of the weld metal flow into the crater 
duced by the arc. To make the bead successfully 1 
necessary to keep the arc just ahead of the metal that | 
already solidified. In other words on the advan 
edge of the crater. Visual inspection of the bead 
show whether or not the operator was using the pt 
arc length with the proper polarity and current. 
excess of heat will cause the are to produce a crater lar 
than the deposited metal will fill up. This will tend t 
leave a crevice along the toes of the bead or in ot! 
words a very bad undercut. This is also caused 
improper manipulation of the are. In either case it 
most cases a very bad feature and will wot be tolerate 
Welding Inspectors. Undercutting as well as making 
bad appearance is a detriment to a weld. It can rea 
be seen that an undercut will weaken the joint at 
toes of the weld where the strength is needed m 
Undercutting is definitely caused by improper arc man}; 
lation. The prevention of this will be demonstra' 
in the shop as its causes are too numerous to ment 

Overlapping, the other extreme, on the other hand 1s 
another danger and can be traced to improper are man}; 
lation also. Although arc manipulation is one cat 
there is also another, which is holding a long arc. 1 111s 
will cause the bead or deposited metal to overlap w 
out securing the proper fusion and penetration. 
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MEASUREMENT of the SPOT-WELDING 
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By G. S. BERNARD, JR. | 


d t: 5S A RESULT of the rapid growth of spot welding 
th, as a joining process for sheet metal construction, a 
ened great deal of work has been done in the determina 














Machine Variables 


proposed here is simple to apply to any welding machine 
and is of sufficient accuracy to enable substantial savings 
to be made in time required to adjust the welding ma 














ssan tion of the spot-welding properties of the various metals chine for welding any material. 
case and alloys to which this method is applicable. The welding-machine variables which affect the weld 
ne The determination of the spot-welding properties of ing results are: 
' any metal involves a determination of the proper settings Rf 
sti of the welding machine for producing a weld, as well as 1. The welding current which flows through the spot 
° . ») 6 ke 2 plac > 2cc »¢ > - oO " > 
nlet, the determination of the strength of the welds produced. 2. The electri re pressure applied during the time of 
5 the The entrance of the high strength steels and the non _ current application. _ 
hand ferrous metals into the spot-welding field has resulted 3. The time of duration of the welding current 
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Sary istently i 0 : ang Sing machine chine variables for each adjustment of the welding 
id or settings which will produce satisfactory welds in these machine 
t o1 metals is so narrow that each of the welding variables 
Dosit ' must be set correctly if good welds are to be obtained. 
e of The results of tests to determine the proper machine THE CALIBRATION OF WELDING CURRENT OF A 
less settings for spot welding have not received widespread SPOT-WELDING MACHINE 
nad use, principally because of the apparent difficulty in 
applying the results to welding machines used in produc- The spot-welding machine is usually provided with a 
tion. The method of calibration of spot-welding machines tapped primary winding on the welding transformer or a 
separate tapped-winding autotransformer as a means of 
t Electrical Engineer, Aluminum Company of America adjusting the welding current to the value required fora 
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particular job. The object of the current calibration is 
to determine the welding current delivered by the 
welder for each position of the current adjusting switches 
and for each arrangement of the current carrying arms of 
the welder. 

Typical current calibration curves are shown in 
Figs. 1 and 2. The ordinates of these curves are the 
positions of the current adjusting switches. The ab- 
scissa for the curves is the welding current delivered. 
Each curve is drawn for a different arrangement of the 
welder arms. 

These calibration curves are obtained by measurement 
of the primary current drawn by the welder and calcula- 
tion of the welder secondary current by multiplying the 
primary current by the turn ratio of the welding trans- 
former. 


, ndary | 


Where Xn is the ratio of secondary turns to primary 
turns on the welding transformer. 

If Xn is not known for each of the primary taps of the 
welding transformer it may be obtained by measurement 
of the open circuit primary and secondary voltages of 
the welding transformer. 


Xn 


Xn 


rhe principal difficulty in obtaining an accurate cur 
rent calibration is that of measuring the primary current. 
The cross section of the welding electrodes is so small 
that a sustained application of welding current for even a 
few seconds will fuse the electrodes. In order that an 
accurate current reading may be made in such a short 
time, the ammeter pointer must be pushed to approxi- 
mately 98 per cent of the true current value before the 
current is cut on. By doing this the time taken for the 
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rtened so t 
an accurate reading may be obtained in from one-half t 


The current reading should not be made until after t 


current has been flowing for at least '/, se 


cond, for tra 


sient currents incident to closing of the priman 


switch will affect the ammeter reading fo 
time. When calibrating welders equip; 


tronic timers, which permit control of the phase angk 


r this leng 
ved with 


starting of the primary current, the current readings 
be obtained by taking pushed ammeter readings on a 


cycle weld. 


+} 
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In making these current readings it may be necessat 
to replace the welding tips by a water-cooled short-cir 
cuiting member which closely approaches the electri 


reactance of the welding tips. 


be brought together under pressure on a 
soft copper. 
short circuiting tip shown in Fig. 3 may 


currents up to 50,000 amperes the electrodes and elk 
r-cooled rod 


trode holders should be replaced by a wate 


For currents below | 
amperes at the welding tips the welding electrodes n 
1 /,-in. piect 

For currents up to 30,000 amperes th 


be used 


sufficient diameter to carry the current for one ot 


seconds without over-heating. 


THE CALIBRATION OF WELDING PRESSURE OF 


SPOT-WELDING MACHINE 


There are many types of pressure-ap 
nisms used on spot-welding machines. 
devices provide a means of adjusting th 


plying m« 


Most of tl 


= pressur' 


Liic 


plied to the electrodes to the value required for a part 


lar welding job. 


In calibrating the elec 


trode pre 


A 


the force between the electrodes in pounds is measur 


for each adjustment of the welding pressure. 


of the wide difference in the arrangement 
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lectrodes on spot-welding machines there is no single 
f measurement which is applicable to all types 


meti' 


f machines. 
For machines on which the electrodes are suitably 
ranged a diaphragm type of welding pressure meter is 


ailable which may be inserted between the electrodes 
1d the welding pressure measured directly. On ma 
chines which have a cam and spring pressure applying 
mechanism the welding pressure is affected by the spac 
ing between the upper electrode and the work. When 
measuring the welding pressure with the diaphragm type 
f pressure meter, the spacing between the upper elec 

trode and the upper face of the meter must be kept at 
the normal electrode, work spacing employed in weld 
Tf it is not possible to insert the pressure meter be 
tween the electrodes, then some other method of measur 
ing welding pressure must be devised. One method 


which, although not very accurate, is applicable to any 
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Liectrode Arrangement For 
Yeasusinge Weloirne Current 


Less Thar 30000 Amperes 


Electrode Arrangemen 
Measuring Welding Cu 


machine is the comparison of the Brinnel effect of the 
weld pressure on a soft material with the Brinnel effect 
of the same shaped electrode under a known electrode 
pressure. 

On machines in which the welding pressure is applied 
by air or oil pressure, the welding pressure may be cal 
culated from the unit pressure applied to the air cylin 
der. 

lhe actual welding pressure is affected by the electr 
magnetic forces tending to separate the welder arms dur 
ing the time of current flow. While this negative pres 
sure may be of considerable magnitude in certain ma 
chines it is not considered in calibrating the spot-welding 
machine. All of the above methods of pressure mea 


surement are made without current flowing in the 
welder 
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Greater 7han 3O000A 


THE TIME OF CURRENT DURATION OF THE 
WELDING CURRENT 


rhe time of current duration is measured in seconds 


or cycles of conduction. There are a number of instru 
ments available which will measure the time of current 
duration to an accuracy of evel Chese instruments 
are actuated by either the primary voltage or current to 


the welder. With the aid of such an instrument the 
timing control may be calibrated in terms of the cycles of 
conduction for each setting of the time-adjustment dials 


SUMMARY 


[he measurement of power required to make the weld 
in terms of kilowatt input to the weld, requires a know 
ledge of the resistivity of the welded material, and also, 
a knowledge of the assumed current distribution in the 
weld before the proper machine setting may be selected 
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MOClOS ess Than 


Che use of kilovolt-amperes is suitable when all welding 
machines are similar but cannot be used in transferring 
settings to any type of welder 

The measurement of welding pressure in pounds per 
square inch of welding tip area is suitable where the 
entire area of tip comes in contact with the work. In 
welding with dome shaped or conical welding tips the 
area of contact varies both with the amount of current 
used and the hardness of the welded metal 

The advantages of the use of welding current, ele 
trode pressure and time of current duration as the basis 
for determining the spot-welding properties of a ma 
terial, are that the machine may be set to produce a weld 


without further knowledge of the properties of the ma 
terial. Furthermore, these welding properties give basi 
information necessary in designing or selecting of a weld 


ing machine for welding a certain thickness of material 
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By WALTER REED! anp LEO EDELSON: 


LONG with the trend in the metal field to displace 
mechanical joints of all types by various methods 
of welding has come a steady growth in joining 

metals by brazing. The AMERICAN WELDING SOCIETY 
defines brazing as ‘‘a localized consolidation of metals 
by means of heat, wherein the filler metal is a non-ferrous 
metal or alloy whose melting point is higher than 1000° F. 
but is lower than that of the metals or alloys to be 
joined.’’ An important contribution to the art of braz- 
ing has been the development of the incandescent carbon 
electric method of heating. Complementing the use of 
this method, there has been the development of new 
brazing alloys and fluxes. Enough time has also elapsed, 
since incandescent carbon brazing became practical, to 
permit improvements in equipment and shop practices. 
Many questions about design, conductivity, type of 
brazing alloys and other points of application have 
arisen which have necessitated many tests and careful 
study. Experience over a period of several years, both 
in the plant and in the field, with a great number of every 
type of joint under actual service conditions has proved 
the merits of this type of brazing. It is the purpose of 
this paper to summarize the results of this experience so 
that industry can more fully take advantage of this 
method of joining metals. Inasmuch as time has proved 
definite advantages for the use of those brazing alloys 
containing silver, when used in conjunction with the in- 
candescent brazing method, this phase of brazing only 
will be discussed. 


EQUIPMENT 


The equipment comprises, in general, BRAZING TONGS, 
CURRENT SUPPLY, ELECTRODES, LEADS AND CONTROL. 


Brazing Tongs 


Tongs are considered desirable to hold the brazing 
electrodes, to conduct current to the electrodes and to 
act as clamps, in order that the assembled joints may 
be held in position and be subjected to pressure by the 
electrodes. 

Tongs are designed for portable application; they 
can be used for stationary operation or can be brought 
to the work. 

As joints to be brazed are almost infinite in variety 
and form, and may occupy positions oftentimes nearly 
inaccessible, it is necessary that the tongs be designed 
for minimum weight and size. Convenience of appli- 
cation to the joint must always be considered. The 
weight depends upon the amount of pressure required 
to clamp the joint and the amount of current required 
to heat the electrodes. 


* To be presented at Feb. 17th Meeting, Northern New York Section, 
AMERICAN WELDING SOCIETY. 

t General Electric Company. 

t Handy & Harman. 


vilver Brazing 


The size is determined by the area of the joint anq 
the form usually by the joint location. It is frequently 
necessary to design tongs for a specific application par 
ticularly determined by joint area and location. 

Brazing tongs of several types and in a number 
sizes for each type are now available. There are sizes 
for brazing wires as small as !/j,5 in. diameter and for 
brazing cables up to 2,500,000 cir. mils. or plates 
equivalent cross-sectional area. 

Mounted electrodes in all necessary types and sizes 
can be had to fit the standard brazing tongs. 

With a little experience the proper choice of tons 
and electrodes is easily made. 

A general description of tong design is as follows 
Two legs, insulated from each other, are pivotable at on 
end or toward the center, as convenience may deter 
mine. The free ends each hold an electrode made ele: 
trically and mechanically fast. A screw is so positioned 
that pressure can be applied to the joint through th: 
electrodes. Copper bars or cables serve as conductors 
directly to the electrodes. 

The legs serve as handling means and are usually 
covered with some heat-insulating material. Conne 
tion to heavy current leads is usually made at ends 
posite electrodes. 

The current carrying capacity of tongs is not to b 
gaged by carrying capacity of conductors, as generall\ 
understood. In electric wiring and bus-bar work 
peres per square inch, depending upon the location and 
covering of the conductor. 

For brazing tongs these normal capacities are greatly 
exceeded, in fact density factors are not considered 
For the purpose of saving weight, the conductors are 
intentionally greatly overloaded, usually 5 to 8 times the 
normal rating. With such current flows as tongs art 
required to stand, the conductors become very hot 
experience proves that a workman can more easil) 
handle tongs that are hot than tongs that are heavy 
Current Supply 

For general application alternating current is used for 
brazing, due to the ease of obtaining the necessary hea 
current. There is no simple method of obtaining dir 
current in the amperage required to heat the electrodes 


The current, therefore, is always from an alternating 


current source and is supplied to the brazing tong 
rectly from a transformer designed to furnish the 
rent at the required voltage. 

Brazing transformers are usually portable an 
wound to take current from power lines and d 
current at low voltage to the brazing tongs. 

The standard primary voltage is 220 V. 

This voltage is usually the limit for free leads, a 
required with portable apparatus. It is possible | 
tain transformers wound for 110 V., 440 V. and 5: 
but such transformers are usually considered special 
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dary voltages have been determined by long 


experience with carbon and graphite electrodes. These 

itages vary from 7.5 to 12 V. 

T formers are made in several sizes. 

N er 1 is rated 5 kva., is wound for 220 V. pri 
mary and 7.6 V. secondary, good for intermittent loads 
up t kva. 

Number 2 is rated 10 kva., is wound for 220 V. pri 
mat nd 8-10-12 V. secondary, good for intermittent 
loads up to 25 kva. 

Number 3 is rated at 20 kva., is wound for 220 V. pri 
mary and 6-8-10-12 V. secondary, good for intermittent 


loads up to 50 kva. 

EKlectrodes 

Carbon and graphite are usually used, because of 
their very high resistance, although electrodes made 
from tungsten, or the so-called high resistance alloys, with 
comparatively lower resistances, can be used, but only 
W ith secondary voltage to match. 

Determined by several years of experience and the 
brazing of several millions of joints, the following types 
of electrodes are accepted as standard. For convenience 
the electrodes are designated as ‘‘Soft,’’ ‘““Hard’’ and 

Extra Hard.” 

Soft.—Electrical resistance 0.0007 ohm per inch cube 
This type has a low surface resistance, thereby prac 
tically eliminating the danger of overheating the work 
n spots or ‘‘burning’’ the surface of the work from too 
rapid heating. It is of particular advantage, when 
brazing operators are new to the work, or lack proper 
training. It should be used in all cases when brazing 
metals or alloys having a high thermal resistance, particu 
larly with respect to steel and steel alloys. 

Due to the low resistance of the electrodes, the cur- 
rent requirements are correspondingly high. The law 

current squared times the resistance equals the elec 
trical work done’ applies here. Therefore, the lower the 
resistance, the greater the current. Current densities 
up to 1500 amperes per square inch of contacting surface 
are commonly used. For use in brazing tongs, the elec 
trodes are usually */, in. in thickness, making a total 
resistance path equal to 1'/2 in. The contacting area 
depends on the size of the work. The contacting area 
of the face of the electrode is usually, but not necessarily, 
greater than the area of the work contacted. 

At top brazing temperature, this type of electrode re 
tains its mechanical strength, thereby permitting maxi 
mum pressure to be used under most conditions, without 
appreciable physical or electrical change of electrode 
When heated and cooled repeatedly, the sections of the 
electrode exposed to the air will “slough off,’ in 
dicated by the carbon dust formed. This cannot be 
prevented on the contacting face of the electrode, but 
the sides can be protected by applying borax to the 
suriaces when the electrode is at top brazing tempera 
ture. The borax is absorbed and forms a resistant 
suriace film. There is not much change in specific ré 
sistance, due to repeated heating and cooling. 

When, from continuous work and heavy current flow, 
the tongs become too hot to be handled conveniently, it 
is allowable to plunge the tongs, electrodes and all, into 
water. The electrodes are not harmed and the water 
absorbed is almost instantly evaporated in the form of 
steam when the electrodes are again heated. 

Hard.—Electrical resistance 0.0012 ohm per inch 
cube. This type of electrode has a surface resistance 
considerably greater than that of the ‘‘Soft’’ type and 
therefore a certain amount of training must be given 
the operator before it can be safely used. Its advantage 
over the soft type is due mostly to the fact that brazing 
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temperatures can be had with approximately 30%% less 
current. This is an important advantage, as the heating 
of the tongs and leads is considerably reduced, larger 
joints can be made with the same transformer and tong 
equipment and joints can be heated more rapidly. 
Current densities up to 1200 amperes per square inch 
of contacting surface are sometimes used 

The general dimensions of this type of electrode follow 
closely those of the soft type Che information, as given 
for the soft type, applies in general to the hard type. As 
this type is more brittle than the soft type, greater care 
must be exercised in applying pressure when electrodes 
are at top brazing temperature, to prevent electrode 
failure from cracking, particularly at corners. Further 
more, maximum pressure should not be applied to elec 
trodes, unless the contacting surfaces rest on flat or 
smooth joint surfaces 

Extra Hard 
inch cube 

This type ol electrode has the highest resistance so tar 
safely used. Its surface resistancs correspondingly 
high and the danger from “‘burning”’ or overheating joint 
surface is such that it should be used only by well-trained 
operators. 

Its very great advantage over the soft and hard types 
lies in the fact that top brazing temperatures are had 
with approximately 50 per cent of the current required 
by the soft type. This means that comparatively large 
joints can be made with standard brazing equipment 

Current densities up to SOO amperes per square inch 
of contacting surface are commonly used 

Chis type of electrode is not used for 

A common size is 2 x 
2x 3x */,in. can be used 

This type of electrode is more brittle than the hard 
type and should always be usedagainst flat surfaces 

It deteriorates from heating, similar to the soft and 
hard types, and can be treated the same as the soft type 


Electrical resistance 0.0018 ohm per 


mall-sized ele: 


trodes. ind sizes up to 
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Mounting of Electrodes The life of an electrode of 
any type depends to a considerable extent on the man 
ner in which it is secured in the holder and on the uni 
formity of current flow to the pick-up surface. As a 
general rule, the electrode should receive or pick up cur 
rent on the side directly opposite the contacting or work 
side. To insure this, it is advisable to securely fasten the 
electrode in some type of holder so that the back or pickup 
side is held in firm contact against a current conductor. 

There are several methods of ‘“‘mounting’’ electrodes 
which have proved satisfactory in service 

In one type of mounting, a current conducting bar or 
plate, designed to be secured to the tong conductor, has 
a steel clip riveted and brazed to one end. The clip is 
made in such a form that the two sides project at right 
angles to the base or part made fast to the conducting 
bar. The electrode is placed in the clip and held under 
pressure. Narrow strips of asbestos tape, wet with 
water glass, are placed between sides of electrodes and 
clip projections he clip projections are now forced 
over to firmly engage the electrode. On the first heat, 
the water glass dties out and serves as a cement and 
firmly grips the electrode The steel clip is usually 
\/.. in. thick, but for large electrodes may be « in 
thick. 

In replacing an electrode the used one is driven out, 
the clip sides are straightened, and a new electrode in 
serted as described above Che conducting plates with 
clips can be used repeatedly 


Leads 


Two sets of leads are considered Leads from power 
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supply to brazing transformer. 
transformer to brazing tongs. 

Power Supply Leads.—These leads are usually made 
of such capacity that normal load is carried without ap- 
preciable heat rise. For convenience in handling, a two- 
wire cable is used with insulation. 

The length of the lead is determined by the area over 
which the portable brazing apparatus has to be moved. 
Lengths up to 50 feet are commonly used. 

Size of wire or cable in lead is made proportional to 
capacity of brazing transformer. 


Leads from brazing 


5 kva. For intermittent work use A. W. G. No. 10. 
For continuous work use A. W. G. No. 8. 


10 kva. For intermittent work use A. W. G. No. 8. 
For continuous work use A. W. G. No. 6. 
20 kva. For intermittent work use A. W. G. No. 6. 


For continuous work use A. W. G. No. 4. 


long Leads.—These leads are intended to be over- 
loaded. If the lead capacities followed the standard 
ratings, they would be so heavy that operation of the 
brazing tongs would be very difficult, if not, in certain 
cases, quite impossible. The leads are therefore over- 
loaded several times. 

They should be made of flexible cable. 
is commonly used. 

Bare cable is used, wrapped with asbestos tape and 
coated with water glass or shellac varnish. When bare 
cable is not obtainable, strip the insulation from stand- 
ard insulated cable and proceed as for bare cable. 

The size of cable varies with the capacities of brazing 
transformers: 


Extra flexible 


5 kva., 350,000 cir. mils.; Length, 8 ft. maximum. 
10 kva., 600,000 cir. mils. to 700,000 cir. mils.; Length, 
8 ft. maximum. 
20 kva., 800,000 cir. mils. to 
Length, 6 ft. maximum. 


1,000,000 cir. mils.; 


In making connection of cables to terminals, all joints 
should be made by fully wrapping cable and brazing 
wrapped end to terminal. Braze joints with 50 per cent 
silver alloy. To reduce the reactance loss in secondary 
cables, individual leads should be taped together. Loops 
and coils in the lead when making a joint cause high 
reactance loss and should be avoided. 


Control 


Control switch is always in the primary circuit of the 
brazing transformer. The switch is usually of a type 
to be operated by foot. This allows the operator the 
use of both hands for supporting and operating the 
tongs. 

Standard foot switches are used, and are connected 
in the primary circuit at the brazing transformer. 

With the 5 kva. and 10 kva. transformers the control 
switch is connected directly in the 220 V. primary cir- 
cuit. 

With the 20 kva. transformer the control switch 
operates a contactor which directly controls the 220 V. 
primary circuit. 


STATIONARY BRAZING EQUIPMENT 


Where the work to be brazed is of such a nature that 
it can be brought to a definite point, it is usually ad- 
visable to use stationary equipment. 

This equipment is usually in the form of a press and 
the control of the electrodes for motion and pressure is 
effected by air cylinder or by mechanical lever. 

Brazing presses are usually equipped with the larger 
sized brazing transformer. The leads can be made 
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heavy enough to carry the maximum current with,,, 
heating and the electrodes, retaining blocks or 














can be water cooled if required. "a 

Air cylinders and levers can be made of such dim, - 

sions that any required pressure can be obtained. 1 Bs 

electrodes used are not limited in size. Brazing prec, ‘ ii 

are in constant use having capacities up to k col 

Joints of practically any required size can be mac ust 

such presses. col 

For press work the soft type of electrode a 
commonly used. t 

ap 

PROCEDURE Ye 

wi 
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Since there is a certain definite procedure that m 
be followed to insure satisfactory work, this paper ¢ 
plains the various factors that go into making a joi; Hy ° 


C2 Zi! 
in a step by step manner. 1 
Point 1. Cleaning ca 

- P . )) 

Experience has shown that the importance of having 3 
joint surfaces clean is not fully appreciated. Greas Ww 
oxides, scale and dirt of any kind should be removed al 
Extra care taken in this regard will eliminate one of th: w 
most common causes of defective joints. This is par b 


ticularly important in making liquid- or gas-tight joint 

where small pin holes may occur, although the joint 

may be mechanically strong. Parts to be brazed shoul 
be mechanically or chemically cleaned. 

Point 2. Fluxing 

The function of flux is threefold 

1. It offers a protective coating which tends t 
vent oxidation. 

2. It dissolves oxides that form while heating. 

3. It assists in the free flow of the alloy. 

Therefore, the principal points in selecting a flux are 

that it should: 

(a) Be fluid and active at the melting point of t 
alloy (a viscous flux has a tendency to cause 
clusions). 

(6) Remain stable and have a minimum tendency 

volatilize in the silver brazing range. 

Effectively dissolve refractory oxides such as e1 

countered in metals containing percentages 

chromium, nickel, manganese, aluminum, ber) 
lium, cobalt, etc. 

(d) Tend to lay down and protect the work from 
dation and not ball up and blow away while th 
work is being heated. 

(e) Be easy to remove from the work after brazing 


(¢ 


We are now fortunate that recent developments have 
made commercially available a silver brazing flux whos 
characteristics meet all these requirements. 

There are two steps to keep in mind when fluxing 

l. BrEFORE HEATING, BRUSH THE FLUX ON 

JomntT AREA WHERE THE ALLOY SHOULD FLO 

2. AppLy FLUX TO THE BRAZING ALLOy. 

In applying flux, do not cover the entire suriace 
Leave a bare spot to assure a metal to metal electrical 
contact to start the current flow. Dry flux is a1 
sulator 


ALLOYS 
There are a number of brazing alloys conta 
various amounts of silver, but over a period of time th 


following four alloys have found the greatest commo! 
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[his is fortunate, inasmuch as it simplifies the 
<election of the proper alloy. 

Fir This alloy contains 15 per cent silver, 80 per 
pper, 5 percent phosphorus. It melts at 1200° F. 


usage 


cel | 
(649° C.) and flows freely at 1300° F. (704° C.). It is 
widely used in making lap joints in copper to copper, 


copper to brass and brass to brass. It should never be 

used in joining ferrous metals or alloys. In joining 

copper to copper, because of the phosphorous content, 
no flux is required. In joining copper to brass or brass 
to brass, it is recommended that a thin film of flux be 
applied to the work. Because of the low silver content, 
and its self-fluxing characteristics, this brazing alloy is 
widely used and properly made joints are strong and 
ductile 

Second.—This alloy contains 50 per cent silver, 15'/; 
per cent copper, 18 per cent cadmium and 16'/»2 per cent 
zinc. It melts at 1160° F. (627° C.) and flows freely at 
1175° F. (635° C.). A list of metals and alloys that 
can be joined with this brazing alloy would include 
practically all of those in both the ferrous and non- 

ferrous classification that can be heated to 1200° F. 

without seriously affecting their properties. Due to this 

alloy’s low melting point and free-flowing characteristics, 
when properly used with a low melting-point silver 
brazing flux, strong joints can be made on: 
Non-ferrous alloys—On hot short material (i.e., 
copper-nickel alloy, nickel-chrome alloys, etc.). 
(Will give greater safety factor below the hot 
short range.) 

2. Austenitic alloys—On low carbon or stabilized 
chrome-nickel alloys. (Will minimize or entirely 
eliminate carbide precipitation, making it un 
necessary to subject joined materials to subsequent 
heat treatment. ) 

3. Ferritic alloys—On chrome steels and other al 

loys. (Will minimize grain growth.) 

On some types of cold worked, hard drawn or 

heat-treated metals. (Without material effect 

upon physical properties. ) 

5. Alloys that form refractory oxides, such as chrome, 
nickel, aluminum, etc. (Because of low tempera- 
ture, a minimum amount of oxidation occurs.) 

lhird.—This is an alloy containing 50 per cent silver, 

34 per cent copper and 16 per cent zinc. It melts at 

1280° F. (693° C.) and flows freely at 1425° F. (774° C.) 

This alloy is used in making butt joints on copper be 

cause of its low electrical resistance and high ductility 

Fourth.—This alloy contains 30 per cent silver, 38 per 

cent copper and 32 per cent zinc. It melts at 1370° F 
(743° C.) and flows at 1410° F. (766° C.). In fabri 
cating parts it is often necessary to make the first joint 
with this alloy because of its higher melting point. Sub 
sequent joints can then be made adjacent to or on top 
of the first joint with a lower melting point alloy, with 
out disturbing the first joint. 


to 


Forms of Silver Brazing Alloys 

Due to the high degree of ductility and malleability 
of silver brazing alloys, they can easily be fabricated into 
a wide variety of sizes and shapes, thus making it pos 
sible to obtain them in the form most convenient and 
economical for the different conditions under which they 
are used. 


DESIGN—MECHANICAL 


Basically, silver brazed joints should be designed i 
shear. Some few cases may require butt joints, but 
these should be avoided wherever possible. Fillets of 
silver brazing alloy, as a rule, are wasteful and add littl 
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Che size of the lap shear, 
of course, will vary with the thickness, the strength and 


to the strength of the joint. 


the type of metals to be joined. For the sake of cal- 
culating designs, the following values can be used as a 
basis. 


hs (unknown) length of shear 
| tensile strength of weakest member 
W thickness of weakest member1 
Y factor of safety 
L shear strength of silver brazing alloy 
: YTW 
X 
L 


Length of shear necessary when joining 
0.050-in. annealed monel metal sheet to a 
stronger material, or material of equal 


strength. 


Example 


x unknown 

I 70,000 psi (annealed mone! metal sheet 

W = 0.050 in. 

Y f 

L 25,000 psi (Note: This is an arbitrary minimum 


value which can be expected from 
all silver brazing alloys containing 
appreciable amounts of silver. 
4 X 70,000 &K 0.050 in 
25,000 


0.56 in. length of shear 


DESIGN—ELECTRICAL 


The principal factor to be considered in the electri- 
cal design of a joint is that of electrical conductivity. 
It can be readily understood that a joint should have no 
greater electrical resistance than the resistance of the 
joint members themselves. In other words, a joint 
should not add electrical resistance in a circuit 


FIGURE 1 


We Relation of Joint 
Thickness to Tensile Strength 
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From an electrical standpoint, all joints can be in- 
cluded under the following three types: butt joints, lap 
joints, solidified joints. 


Butt 


It is always desirable to avoid butt joints of any de 
sign wherever possible but where conducting strips have 
to be joined without increasing the cross-sectional area, 
particularly with respect to winding spaces that are defi 
nitely limited in dimension, then butt joints must be used. 

There are two general types of butt joints: straight 
or square-butt joints and scarfed-butt joints. 

Straight- or Square-Butt Joints.—With this type of 
joint the members to be joined are squared so that both 
members have their cross-section areas in complete 
contact. 

In general practices strips '/;.5 in. thick and under and 
up to °/s in. wide are joined by this method. It is also 
occasionally used on strips up to '/s in. thick and 1 
widths up to, but not greater than, | in. 

The essential factors governing this method are uni- 
form contact of cross-section areas, pressure on contact- 
ing areas while joint is being brazed, and type of alloy 
used. 

The proper squaring of the joint members is a simple 
operation but on wide strips and where the joints have 
to be of the highest quality, it is sometimes necessary 
to use squaring blocks. 

It is usually advisable to use clamping jigs to hold the 
joint members in line and butted tightly together, al- 
though on small-sized strips expert workmen sometimes 
make joints without such fixtures. 

As a definite rule, square-butt joints add electrical 
resistance in the circuit; therefore it is necessary to use 
a brazing alloy having the highest conductivity with the 
greatest ductility. 

The high silver brazing alloys are used, but from ex- 
perience it has been found that the alloy consisting of 
50 per cent silver, 34 per cent copper and 16 per cent 
zinc is the most satisfactory. 

Scarfed-Butt Joints.—This type of joint is usually used 
on winding strips above ‘/s in. in thickness and on all 
thicknesses when above '/,, in. and | in. or more in width. 
It is of particular advantage when the conductor is re- 
quired to be formed closely adjacent to the joint. 

A scarfed joint is little stronger than a square-butt 
joint, but is more ductile. The electrical conductivity 
is also somewhat greater. 

Two types of scarfed joints are used. The most com- 
monly used type is made with the scarfed surface form- 
ing an angle with the flat of the conductor strip. The 
scarfed dimension usually forms a lap equal to the thick- 
ness of the strip when the thickness of the strip is '/s in. 
and under. With heavier strips the angle is made 
sharper, so that the lap is two, and in some cases, three 
times the thickness. 

The other type of scarfed joint is made by the scarfed 
surface forming an angle with the edge of the conductor 
strip. This type of scarfed joint is more difficult to 
make, but is of particular advantage when winding strips 
are bent or formed on edge. 

The dimension of the scarf is usually equal to the 
width of the conducting strip, but may be less or greater 
to suit certain conditions. With this type of scarfed 
joint there is no advantage in strength, but there is an 
increase in ductility and in conductivity. 


Solidified Joints 


When cables, braid groups and laminated lead ends 
are filled with brazing alloy, they are said to be solidified. 
Cables.—The common practice with respect to cables 


Joints 
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is to wrap the end to be solidified with thin copper str 
or enclose the end in a closely fitted tube. The e; 
then flattened and filled with alloy at brazing ter mpera 
ture by introducing the alloy directly at the cable e: 

The alloy will flow into the cable a distance de 
mined by the extent of brazing temperatures. 

Braid Groups.—In solidifying braid groups, th 
ends making the group are enclosed in a clip. J 
brazing alloy is introduced at the end or partly throy 
the sides. The braid group can be completely filled with 
the brazing alloy a distance depending upon the 
raised to the brazing temperature. 

Laminated Leads.—The leads are made from stacki; 
to any required dimensions, copper strips usually 
or 0.010 in. and above in thic kness, and of any required 
width. The ends are made solid by filling with br azing 
alloy. The same process used for solidifying ¢ ‘ables 
braid groups applies to solidifying laminated leads 
The solidified ends are usually protected by plates, 
the stack may be enclosed in a clip. The alloy is i; 
troduced at the ends and from the sides. 

In making solidified joints or sections of any des 
tion, it is the usual practice to heat the parts under ligh 
pressure and to increase the pressure only as the tem- 
perature increases. At top brazing temperature, 
when the joint is filled with alloy, the pressure is i 
creased to the maximum. By following this method the 
complete solidification of the joint is assured. 

A properly solidified joint can be machined and treated 
much the same as a solid mass. 

When cables, braid groups or laminated leads hav: 

be brazed to terminal conductors, the solidificatio: 
and all brazing should be done simultaneously. A sai 
rule to follow is never heat such material more than onc: 
if it can be avoided. 
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Electrical Resistance of Brazing Alloys 


Microhms per 
mil.? at 25 


Alloy cir 


(1) 15% silver, 8070 copper, 5% phosphorus 18.3 


(2) 50% silver, 15'/2% copper, 16'/2% zinc, 
18% cadmium Approx. equal 
No. 3 
(3) 50% silver, 34% copper, 16% zinc 7.44 
(4) 30% silver, 38% copper, 32% zinc 9.45 
Commercial copper 1.687 
Soft Solder 60% lead, 40% tin 17.8 


Electrical Resistance of Lap Joints 


2 times cross-section area 
The resistance of copper bar used as standard for lap 
and butt joints is considered as 100% 
Alloy 
(1) 15% silver, 80% copper, 5% phosphorus 93.1 
(2) 50% silver, 15'!/2% copper, 16'/:% zinc, 
18% cadmium 


Joints made with lap 1'/2 


Per cent Resistat 


(Approx. equa 
No. 3) 

94.2 

(Approx.) 96 


3) 50% silver, 34% copper, 16‘ Zo zinc 
(4) 30% silver, 38% copper, 32% zinc 


Electrical Resistance of Butt Joints 


Per cent Resistar 
118.0 


Alloy 
(1) 15% silver, 80% copper, 
(2) 50% silver, 15}, 
i8% ® cadmium 
(3) 50% ‘aiiver, 34% copper, 16 To zinc 
) 30% silver, 38% copper, 32% zinc 


5% phosphorus 
2% copper, 16'/.% zinc, 
(Approx.) 104 
103.8 


(Approx.) 106 
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DESIGN—SHEAR 


of the basic reasons for the consistent good joints 
by incandescent carbon brazing is that the joints 
eated under pressure. Figure 1 points out graphi 
that the strongest joints are made with compara 
thin films of brazing alloy. 


HEATING 


lounts 


making lap joints the members are clamped between 
the electrodes under sufficient pressure to hold the parts 
securely together and make full and even contact. Cur 
rent is applied to electrodes through a contactor and 
heats the electrode. It is usually necessary to apply 
the current intermittently, so that the heat is evenly 


FIGURE 2 
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distributed throughout the electrodes, thus avoiding hot 
spots. Heating continues until the proper brazing tem 
perature is reached, which is indicated by the free flowing 
of the brazing alloy. With a little experience on the 
part of the operator, this temperature is readily recog- 
nized. Another indication of the proper temperature 
is the active floating of flux and oxide accumulations 
on the molten surface of the alloy. Further heating be- 
yond this point accomplishes nothing and may be dan- 
gerous. When the current is cut off, increase the pres- 
sure on the joint to insure positive tightness. The 
pressure should not be removed, nor the joint disturbed 
until the alloy has set. 

While it is only necessary to make the lap area 1'/» 
times the thickness of the lightest member, in the elec- 
trical design, for convenience it is often desirable to use 
a wider lap. 

Basically, there are two types of joints: 








(1) Where the silver brazing alloy is preplaced be 
tween the joint members in the form of a wire 
or sheet and then heated. 

(2) Where the silver brazing alloy is fed by hand 
to the joint boundaries in the form of a rod or 
wire, after the joint has reached the brazing tem 
perature. 

Where alloys can be preplaced in position, there are 

a number of advantages, such as: 

|) The flowing of the alloy automatically indicates 
the proper brazing temperature. 

The amount of alloy per joint can be pre-deter 

mined and the cost controlled. 

3) It insures the homogeneous filling of the entire 
joint area. 

Butt Joints Up to 1 Inch 


In making butt joints on materials up to 1 in. in width, 
the ends to be joined should be square, to utilize the 


FIGURE 3 
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INCANDESCENT ELECTRIC CARBON SILVER BRAZING 





maximum contact areas. The ends should be butted 
tightly together and the electrodes applied to the thin 
sides of both members 

The current is applied intermittently so as to balance 
the heat until the proper temperature is reached, through 
out the entire length of the joint and, when the silver 
brazing alloy is applied in one corner of the joint, it will 
flow instantly across and throughout the joint. No 
further pressure is required and the joint should be 


allowed to set before removing the tongs 
Butt Joints Over 1 Inch 
On joints greater in width than | in., the members 


should be cut square, tightly butted and clamped flat 
between the electrodes, with an insert of brazing alloy 
over the entire joint seam Fig. 4 


FIGURE 4 
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The heat is then applied intermittently until the alloy 
flows and appears on the joint boundaries. The joint 
should be allowed to set before the tongs are removed 


Scarf Jotnts 


Straight butt joints can be used on metal thicknesses 
s in. and under, but on heavier metals the members 
must be scarfed. The scarf should be approximately 
three times the thickness of the joint members. On 
scarf joints the electrodes should be applied as per Fig 
1. Brazing alloy is usually preplaced between surfaces 
to be joined. Heating is the same as for lap joints 


l 











Cable Joints 


Cable is wrapped to retain strands in position. It is 
flattened and assembled between electrodes. Heating is 
the same as for lap joints. A point to remember in 
brazing cable is that the brazing alloy must be applied at 
the cut end. Never feed it from the inner part of the 


cable. (Fig. 6 





Brazing Metals of Different Heat Conductivity 


In this case, the steel, having lower heat conductivity 


than the copper, it will heat much more rapidly when 
equal temperatures are applied to both members. There 


fore, a low resistance electrode is applied to the steel, and 
a higher resistance electrode is applied to the copper. 
By trial and error, utilizing various types of carbon, an 
operator can readily determine the proper electrodes 
which will balance the heat. (Fig. 7.) 


FIGURE 7 
STEEL 
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Brazing Different Thicknesses of Like Metals 


In this case the maximum temperature should be 
generated in the heavier section and the lighter member 
heated by conductivity, by heat from the heavier sec- 
tion. Again a trial and error method to take care of the 
specific application will be best. A low-resistance elec 
trode, naturally, should be applied against the thin sec- 


tion. (Fig. 8.) 


FIGURE 8 

















Dissimilar Metals and Metal Thicknesses 


In this case, proper electrodes and arrangement can 
best be determined by trial anderror. (Fig. 9.) 


FIGURE 9 
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TUBULAR JOINTS 


Two types of tubular joints are considered: 

(A) When the electrodes can be on opposite sections 
of one of the joint members. (See Fig. 10.) 

As it is nearly always impractical to entirely enclose 
a tubular-joint member with the electrodes, opposite 
sections are heated. On joints 1 in. and under one posi- 
tion of the electrodes will usually be sufficient to uni- 
formly heat the joint, if care is used to allow for equal 
heat distribution. 

The electrodes should be formed to follow the contour 
of the joint member. The brazing alloy is added to 
joint boundaries when the joint is heated to brazing 
temperature. 

If the joint is greater than 1 in. in diameter, it may be 
necessary to heat from more than one position. This 
is accomplished by first carefully heating a section to 
brazing temperature; then move the electrodes to a 
second adjacent position and heat. A few steps will 
allow joints of considerable size to be fully brazed. The 
steps should not be so great as to leave under heated sec- 
tions. 

Whenever possible, the electrodes should be applied 
to the heavier of the two joint members. 

(B) When the joint members can both be contacted 
with the electrodes. (See Fig. 11.) 

This process is applied always to joints of fairly large 
dimensions, or where one electrode can be inserted in 
side the joint, the other electrode being opposite on the 
outside. 

The electrodes should be formed to suit the contour 
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FIGURE 10 
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of the joint members and the heating must be d 
step by step. The first section heated will require the 
longest time and heat must not be forced. When the 
first section is brought to brazing temperature the ele: 
trodes can be moved to the next position. Succeeding 
heats require less time, due to the heat stored in the 
joint member. 

Care must always be used to assure that all joint 
sections have been heated to brazing temperature 
This is determined by watching the alloy flow; the 
boundary of one step must be heated to take alloy from 
the following step. Usually special tongs will be r 
quired for brazing such joints. 


Controlling Heat Flow from Joint Areas 


Since incandescent electric brazing is free from ope: 
flame, joints can be made very close to insulation. Als 
because of the rapid heat input, restricted practically 
to the joint area, joints can be made without fear of 
damaging adjacent insulation. When the heat flow 
must be limited to a very close area, adjacent insulati 
may be protected by wrapping with damp asbestos putty 
or tape. 


TAKING BRAZED JOINTS APART 


Brazed joints can be taken apart and rebrazed when 
necessary. The process consists of heating the joint 
following standard practices. The joint should not be 
heated above that point where new alloy will flow 
Flood the joint with new alloy, release pressure and 
separate joint members. Never attempt to take a joint 
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Strong Joints in Ferrous and Non-Ferrous Metals 
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Fig. 12 


apart without adding new alloy. The joint members 
can be rebrazed following standard practices. 


DIFFUSION MAKES STRONG JOINTS 


Investigations have shown that the best silver brazed 
joints are obtained when there is some degree of diffusion 
between the alloy and the metal. Diffusion is a time 
and temperature reaction and will vary with the type 
of metals joined. With the majority of non-ferrous 
alloys microscopic examinations show this diffusion. 
With steel and alloys that have melting points several 
hundred degrees above that of the alloy, it is more dif- 
ficult to positively determine this point, but the evi 
dence obtained from the examination of a large number 
of specimens at high magnification would seem to justify 
the statement that some degree of diffusion is present in 
all properly made silver brazed joints. 


CORROSION 


One of the questions most frequently asked in con 
nection with the use of silver alloys is in regard to their 
corrosion resistance. It is difficult to make any specific 
statement, but their resistance compares favorably with 
that of copper, copper alloys, nickel silver and nearly 
all of the non-ferrous metals and alloys which are used 
for their corrosion-resisting properties. Silver alloys 
are attacked by nitric acid but, as far as ordinary atmos- 
pheric corrosion is concerned, their resistance is similar to 
that of the different metals and alloys with which they are 
used. The problem of galvanic corrosion is probably the 
most important to be considered when joints made with 
them are subjected to various corrosive agents and, as 
laboratory tests are likely to be misleading, it is advisable 
to place specimens of brazed joints under actual condi 
tions of use, for sufficiently long periods of time, to ob 
tain reliable data. 


ADVANTAGES OF INCANDESCENT CARBON SILVER 
BRAZED JOINTS 


(1) Because of higher heat rise allowable on elec 
trical joints, engineers can design lighter sections and 
make substantial savings on raw material. 

(2) The use of tinned wire is not required and savings 
can be made. Joints do not require pretinning 

(3) Joints can be made faster than either a mechani 
cal or soft solder joint and cost less. 

(4) Because of greater strength of alloy in shear than 
in mechanical or solder joints, joint lap can be reduced, 
saving raw material. 

(5) The reduced lap required and localized heating 
make it possible to join parts close to insulation and sup 
porting members; and also, because parts generally can 
be made of lighter materials, overall weight and size of 
finished apparatus can be reduced. 

6) Silver brazed joints are trouble free in service 
and, when properly made, stand up under thermal over 
load, vibration, corrosion, mechanical and electrical 
stress. They are strong and ductile and to all intents 
are truly a continuation of the base metal 


Incandescent Carbon Heating Permits You to 
HEAT UNDER PRESSURI 
HEAT RAPIDLY 
HEAT ONLY A SMALL AREA 
CONTROL HEAT EASILY (PUSH-BUTTON CONTROI 
BRAZE WITHOUT SPECIAL JIGS 
MAKE JoINTts AT Low Cost 
BRAZE IN THE SHOP OR FIELD 
BRAZE BotH FERROUS AND NON-FERROUS MRTALS 
REDUCE HAZARD OF OPEN FLAMI 
TRAIN MEN RAPIDLY 
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By HEMENWAY R. BULLOCK* VI 





HE Educational Committee of the AMERICAN For this reason the “Elementary’’ course should 
l WELDING SOcIETY recently conducted a survey of scheduled for the second term of the third yea: 
fifty-nine representative colleges and engineering engineering school. This allows sufficient time for the 
schools throughout the country. The survey showed a_ student to acquire a knowledge of basic subjects such as 
strong interest in welding and a realization of its grow- Materials, Methods of Testing and Physical Metallurg, 
ing industrial importance. A large number of the Both of the advanced courses should be scheduled j, 
letters received requested specific information con- the first term of the fourth year in order that the studen Ix 
cerning a suitable laboratory and course organization. may have ample time for preparation for a thesis on s 
The outlines here presented have been developed by welding problem. 
the committee and are based largely on the chairman’s 


ay 
LINE 


own teaching experience but do not describe actual ELEMENTARY WELDING ENGINEERING 
courses offered by any school. These are consider- 
ably less complete. Our intent is to outline a program _ Lecture Laboratory 
of an ideal nature in order that those interested may |. Outline of Welding : 
choose the portions suitable to their own conditions. a. Plastic Deposition of single beads y 
Undoubtedly modification and omission, due to practical b. Fusion bare wire arc 
. eam , : : ag c. Types of Joints 

considerations, will be inevitable but the courses in d. Preparation for Weld- x 
general would facilitate the training of engineers for the ing 
industry. II. Arc Welding 

In outlining the course presented here it has been a. Machines & Charac- Deposition of single and spr: 
found impossible to avoid subject matter and relative teristics beads with bare wire ar: 
evaluation of material of a controversial nature. The 6. Theory of Metal Arc 


c. Arce Stability 


III. Methods of Testing 
a. Break (Interpretation Making 3 pass lap joint wit 


weighing of subject matter is always open to question 
and the opinions expressed here represent only the best 
judgement of the author at the present time. 


: j ; of Fractures) bare wire arc ‘ 
The proper organization of the course is of extreme b. Bend Break and examine fracture Xx) 
importance because of the difficulty of correlating much c. Macro Examine prepared fractures an 
dissimilar subject matter. A common practice, and one . ee or 
; : Peer : e. Hardness Report 
which has little to recommend it, is that of requesting f. Impact 
experts in certain fields to present portions of the course. g. Fatigue 
Such procedure does have definite advantages but it is h. Density 
felt that the integrity of the course is lowered by such e — 
practice. The majority of specialists are only slightly IV Rees 4 
interested in other branches of engineering and there- "  q. Stabilizing Materials Deposition of beads with min- X 
fore know little of the relationship of their own subject b. Gas Solubility eral coated rod 
to others in the field of welding. It is to be recom- c. Chemical Attack by Deposition of beads with cellu 
mended that these courses be taught by men who have pe tise —" sin 


a knowledge of welding engineering as a whole rather d. Slag Shield 

than by a group of specialists. e. Gas Shield . J 
Every effort has been made to keep the course as f. Physical Properties of 

flexible as possible in order to allow for major industrial Weld Metal 


changes. The suggested laboratory arrangement may V-. Shrinkage 7 
be widely altered to suit existing facilities. A small a. Transverse Study transverse shrinkage in 
‘ ‘ : , ‘ll b. Longitudinal welds made with varying 
number of diversified pieces of equipment will be su- c. Non-rigid Welding sequence using a strain gage 
perior to a large number of duplicate pieces, and proper d. Rigid Welding — for measurement 
planning for future purchases can result in a very flexible e. Step-back Welding Report 
laboratory. f. Cascade X 
g. Stress Relief 


For organizational purposes the subject matter is 


broken up into three major divisions, each of which VY! Oxyacetylene Welding 


’ a. Apparatus Deposit ripple beads with blow- 
represents a term’s work on the part of the student. b. ioe Chemistry ey ——— 
In the outline these are referred to as ‘‘Elementary c. Technique fe 
Welding Engineering,’ ‘“‘Advanced Welding Engineer- d. — of Carburizing 
ing,’’ and ‘“‘Metallography of Welding.” Each division _suame Pow 
: ‘ e. Use of Oxidizing 
would credit the student with two hours of laboratory, Flame 
one hour of lecture, and two hours of outside preparation VII. Materials of Welding . 
per week for 15 weeks. eR . 
Experience indicates that the best time to give such a, Steel (Carbon) Make single vee butt weld wit! 
professional courses is in the third and fourth years. b. Steel (Low Alloy) oxyacetylene i 
* Instructor in Mechanical Engineering, Massachusetts Institute of Tech- 4 ae — Alloy) ser er” ron 0 


nology and Chairman, Educational Committee AmEeRICAN WeLDING So- ; i 
cisty. : and break prepared specimen c 








gage 


Non- Ferrous 
CopperandItsAlloys Report 
Aluminum and Alloys 

Nickel 

Monel 

urd Surfacing 

Sweated bond 

Fusion bond 


VII ras Cutting 
Apparatus Make straight line cuts with 
Chemical Reactions automatic machine in 1l-inch 
Fuel Gases plate. Vary speed and pres 
Variables sure maintaining tip size 
Tips, Pressure, constant 
Speed) Report on theory and discuss 


Lag Lines 
Oxygen Purity 
Flame Machining 


observations. Plot lag against 
both speed and pressure 


IX Resistance Welding 
Theory of Contact Make upset butt weld 
Resistance Make flash weld 

Butt Welding Make series of spot welds vary 
1. Upset ing pressure 
2. Flash Maintain time and heat setting 
Spot Welding constant Test in torsion 
1. Contact Area machine 
2. Pressure Report 
3. Electrodes 
4. Heat Balance 

i. Seam Welding 

e. Time Control 


X Metallography of Weld- 


ing 

a. Equilibrium Condi- Microscopic examinations of 
tions single pass welds 

b. Cooling and Heating Report 
Rates 

c. Primary Crystalliza- 
tion 


1. Grain Growth 
e. Typical Structures 
XI Metallography of Weld- 
ing 
a. Iron Carbon Diagram Micro-examination of welds 
Heat Effects in Fer- made in one, two and three 


rite passes 
c. Heat Effects in Pearl- Report 
ite 


d. Multi-Pass Welds 
e. Typical Micro-Struc- 
ture 

XII. Design 

a. Strength of Weld Test full size beam-column 

Metal connection to destruction 
». Notch Effects Report 
c. Simple Loading 
b. Bending 


} 


XIII. Procedure Control 
a. Analyzing Test Re- Examination and photography 
sults of macro and micro specimens 
b. Correlating Metallo- of unknown weld 
graphic and physi- Report 
cal tests 
c. Code Requirements 
and Qualification of 


Operators 
XIV. Selection of Welding 
Process 
a. Speed Seminar discussion of reports 
b. Cost on unknowns 


c. Quality 
d. Heat Control 


LABORATORY EXERCISES 


Each exercise will be started by a short lecture dealing 
with the technique of the work and a statement of the 
results desired in the written report. 

_ A written report will be submitted each week, cover- 
ing the theory involved, observations, and a discussion 
of the results for each experiment. The accompanying 
data sheets for three of the exercises will illustrate the 
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type of reports desired. The references at the bottom 
of each sheet have been left blank in order that ab 
stracts from current literature may be inserted. 


Welding Engineering 


Arc Welding—Technique 

Purpose 
To become familiar with the technique of arc welding. 

Laboratory Lecture 
Review of exercise on arc welding fundamentals 

Material 
/, in. low-carbon steel plate 

s¢ in. bare Sulcoat finish electrodes. 

Demonstration 
l. Striking the arc. 

2. Deposition of a ‘single bead 

3. Deposition of ‘‘spread beads 

4. General review of previous demonstration 

Procedure 
l. Start motor generator and set open-circuit voltage 
for 60-70. If machine has current adjustment, set 
for 100 amperes. 

2. Practice striking the arc until it can be started and 
maintained. 

3. Deposit three single beads by traversing the arc 
in a straight line. Have beads inspected by the 
instructor. 

4. Continue practice as directed by instructor and 
have beads inspected frequently. 

5. Deposit spread beads as shown in the demonstra 
tion and have them inspected by the instructor. 
6. Reverse polarity and lay beads, noting arc in- 

stability. 

7. Inspect and sketch prepared specimens, noting 
ripple angles, size and shape of crater, undercut 
and overlap. 

Report 
Following, are subjects which should be covered in 

discussion and theory of the exercise 

Discussion 
1. Show by sketches how each of the prepared 

specimens must have been made. 

Defective welding caused by slow speed. 

Poor quality in weld caused by arc blow. 

4. Defects caused by excessive current. 
Theory 
1. Discuss the theory of the metal arc 
a. Deposition through the are 
b. Occlusion of gas in deposited metal, etc. 
References 
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Welding Engineering 


Metallography of Welding 
Purpose 
To show microstructure of weld metal and heat 
effects of welding on base material. 
Laboratory Lecture 
Brief review of theory covered in main lecture 
Materials 
Prepared micro specimens as follows 
1. Single pass welding showing, 
a. Wildemanstatten structure in weld metal. 
b. Grain growth in base material 
Grain refinement in base material 
2. Multi-pass weld in three stages, 
a. First pass deposited (see spec. No. | 
b. Refinement and heat effects due to second 
pass. 
c. Completed weld showing effect of third pass 
on first and second passes 
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Procedure 
Using 100 x mag. sketch each micro specimen. 


Report 
Discussion 
1. Refinement of ferrite by heating above the 
critical. 
2. Spread of pearlite by heating in the A; — A; 
range. 


3. Combination of heat effects (1) and (2) resulting 
in gradual transition and fine structure. 
Theory 
Heat effects in low-carbon steels as determined by 
the Fe-C diagram. 
References 


Welding Engineering 
Shrinkage Strains 


Purpose 
To study shrinkage in welded joints due to various 
welding procedures. 
Material 
*/s inch and '/, inch low-carbon steel plate, 6 inch x 
8 inch, beveled for single vee. 
Berry Strain Gage, 2 inch; 2-inch gage marker, 
Square, scriber scale, hammer, prick punch, No 
58 twist drill, gas or electric welding apparatus. 
Laboratory Lecture 
Instruction in the setting up and use of the shrinkage 
apparatus. 
Procedure 
Set-up the two plates as shown below: 
Record the spacing of gage marks before welding. 
3. Deposit weld in the following sequence using 
$/s inch or */, inch plate: 
a. continuous 
b. set-back 
c. cascade step-back 
d. single bead 
e. double bead 
4. Record gage spacing after each weld, at room 
temperature. 
5. Record and plot data given. 
Report 
1. Discuss briefly two primary types of shrinkage. 
2. What usually causes a brittle fracture? 
3. In what instances are various sequences used and 
where should weaving be avoided? 
References 
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ADVANCED WELDING ENGINEERING 


In the following outline of the advanced course only 
the general lecture topic is given. It was felt that these 
lectures were so highly specialized that further details 
were unnecessary and that the method of presentation 
and actual subject matter had best be left to the instruc- 
tor. 

Report outlines for the advanced course should be 
similar to those used for the elementary course. 


Advanced Welding Engineering—Lectures 


& Methods of Testing and Inspection of Welds 
II. Residual Stresses or Relief 


III. Properties of Welded Connections 

IV. Fundamental Considerations in Designing for Welding 

V. Welding Codes, Specifications, and Qualification of Opera 
tors 

VI. Metallurgical Problems in Welding or Cutting 

VII. Flame Cutting and Machining 

VIII. Flame Hardening 

IX. Materials of Welding Ferrous (Plain Carbon) 


XI 
XII 


XITl 


III. 


VIII. 


IX. 


X. 
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Materials of Welding (Alloy Steels) Ferrous 
Materials of Welding—Non-Ferrous 
Applications in Manufacturing 
Structural Welding 





Applications in Maintenance and Repair, Hard Su 9 XI 
Selection of the Welding Process 
Advanced Welding Engineering—Laboratory 

XI 


Plot stress-strain curve from tensile tests on 0.5 
specimens of weld metal as follows: 
Bare electrode, coated electrode (cellulose), coated elk 
(mineral). X] 
Repeat exercise No. 1 with weld metal as follows q ia 
Oxyacetylene iron rod, oxyacetylene high test rod 
Hardness surveys as follows: 
Gas cut 1l-inch plate, gas cut 2-inch plate, alloy steel weld 
low-carbon steel weld. 
Weldability test on low-carbon steel. X 
Weldability test on low-alloy steel. { 
Study of stress concentration. 
Strain gage readings on a fillet in longitudinal shea: 
Macro examination of defective welds. 
Examine nick-break fractures of defective welds 
Micro examination of welds as follows: 
Bare wire weld (1 pass), gas weld (1 pass), first pa 
_ pass weld, 2 passes of 3 pass weld, completed 3 pass wel 
Tensile tests and micro examination of welds in commer 
and deoxidized copper. (Intended to illustrate 
crystalline failure.) 
Flame Hardening—Study effect of heating and cooling rat 
on micro structure 
Cutting 
Radiographic examination of defective welds and subs < 
quent fractures of specimens cut from defective area 
XV. Final report. Determination of proper control pr 
cedure for producing a joint of maximum quality a 
given material 


METALLOGRAPHY OF WELDING 


Lecture Laboratory 
Review. Equilibrium Cu-—Ag system—cast structure 
Diagrams and Struc- brass, nickel, iron and 
tures 
Grain Growth, Ab- Microscopic study of bras 
normality, Hot and a. Recrystallization truc- 
Cold Work ture 
b. Grain growth 
c. Abnormal grain growt 
d. Cold work effects 
Transformations in the 
Solid State 
a. aand ® Brass Identification of constituents in 
b. Cu-Sn Alloys brass and steel, including re- 
c. Fe-C alloys view of etching reagents 
Fe-C Diagram 
a. Effect of Cooling Microscopic study of steel series, 


Rates on Structure 
b. Pearlite Spread 
c. Cooling and Reheat- 
ing 
Segregation, Oxides, Por- 


including quenched and 
heated low-carbon steels 


Macro etching 


osity Macro Etching 
and Technique 
Polishing and Etching Preparation and examinatiot 


of micro specimens. 
Photograph and print samples 
prepared in VI. 
Examination of prepared sp* 
mens. 


Technique 
Photomicrography 


Weld Inspection Methods 


The Welding of Non-Fer- 
rous Materials 

a. Cu 

b. Brass 

c. Bronze 

d. Nickel 

e. Monel 

f. Everdur 

g. Herculoy, etc. 


Microscopic study of not 
rous welds. 


Multiple Bead Welding 
a. Macro and Micro Ex- Polish, etch and photog: 
amination typical specimens. 


b. Structures 
c. Carbon Distribution 
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Flame Cutting , 
Effect on Properties 


Hardness survey and photo- 
Effect on Structures 


micrographic study of flame- 

cut specimens 

Alloy Steel Welding 
18-8 Stainless Steel 
Hadfield’s Mn Steel 

c. Nickel Steel 

i. High C Steel 

XIII. Plastic Weld Structures 


xIl ; 
Macro and micro examination 
of alloy steel welds 


Forge Micro- and macroscopic study 
Upset Butt of plastic welds 
Flash 
i. Spot 
XIV. Bronze Weld and Silver 
Solders 
Phosphates Laboratory examination of sil 
Eutectic ver and bronze welds 
c. Compositions 
3. Fluxes 
X\ Radiography of Welds Radiographic examination of 
welds. 


Additional time is devoted to the preparation of reports and semi- 
nar discussions 
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THE WELDING LABORATORY 


Laboratory facilities must obviously be provided if 
an acceptable welding course is to be presented. Quite 
naturally any plan such as the one shown is of a tenta 
tive nature and must be adapted to existing buildings 
and facilities. The present extent and arrangement 
represents an ideal laboratory which will probably 
never exist. It should be noted here that budget limita 
tions should not prevent the installation of a laboratory 
of this type. It is perfectly feasible to install only one 
piece of equipment in each of the departments listed 
and still have a well balanced laboratory. 

The list of equipment is broken down into various 
departments for detailed consideration and an attempt 
will be made to evaluate certain items for possible elimi 
nation or substitution. It should be emphasized here 
that although this layout represents an hypothetical 
laboratory, the general arrangement and organization 
is the result of actual experience in planning and using 
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two such laboratories. 


For this reason due considera- 


gion should be given major departures from the arrange- 


ment shown. 


Following is a detailed list of the equipment shown in 


the plan. 


LIST OF EQUIPMENT 


Metallographic 
Miro Camera 
Macro Camera 
Microscopes 
Polishing Wheels 
Belt Grinders 
Grinding Wheels 
Dark Room Equipment 
Bakelite Mounting Press 
Hot Air Dryer 


X-Ray Equipment 
Low-Voltage Machine 


(capable of penetrating 1- 


inch plate) 


Physical Testing 
Tensile Testing Machine 


(preferably 100,000 Ib. hy- 


draulic) 
Hydraulic Bend Tester 


Torsion Machine (for spot 
welds) 

Vickers - Brinell Hardness 
Tester 


Rockwell Hardness Tester 


Strain Gage and Cathatome- 


ter 


Arc Welding Equipment 
Single Operator M. G. Sets 
A.C. Transformers 
Welding Tables 
Ventilating System 
Electrode Storage Bins 


Automatic Arce and Control 


Panel 


Hand-Cutting Blowpipes 

Automatic St. Line Cutting 
Machines One of Which Is 
Equipped for Flame-Hard- 
ening 

Shape-Cutting Machine 

Oxygen Manifold 

Acetylene Generator 

Rod Storage Racks 


Resistance Welding Equipment 


Automatic Flash Welder 

35 Kva. Spot Welder 

10 Kva. Spot Welder 

Timer capable of going down 
to one cycle 


Machine Tool Equipment 


Power Hacksaw 
Milling Machine 
Surface Grinder 
Bench Lathe (with collets) 


Miscellaneous Equipment 


Preheating and Stress-Reliev- 
ing Furnace with Pyrome- 
ter Control 

Air Compressor 

Plate Storage Racks 

Specimen Cabinets and Dis- 
play Boards 

Hand Tools 

Quenching Tanks 

Lantern Slide Projector 

Motion Picture Projector (16 
mm.) 

Projection Screen 





Portable Blackboard 

Oxyacetylene Welding Equipment 

Welding Stations Complete 

with Blowpipes and Tips 

Welding Bench with C. I. 
Grids 


Power Supply 
110 Volt A.C. (Single Phase) 
220 Volt A.C. (Three Phase) 
110-220 Volt D.C. 


Metallographic Equipment 


In its most elementary form this portion of the equip- 
ment might consist of mounting and polishing equip- 
ment and one or more microscopes. Photographic equip- 
ment is not essential but is desirable particularly for the 
advanced students. 


X-Ray Equipment 


This is probably the least necessary equipment listed 
since typical films can be obtained from manufacturers 
for class use. It is included here because of the ad- 
vantages of correlation of radiographs with actual 
fractures. 

The machine need be only of 100-200 kilovolts rating, 
capable of penetrating 1 inch to 2 inches of steel plate. 
Small portable installations are quite reasonable in 
price and are so completely shielded that no other protec- 
tion is necessary. 


Physical Testing Equipment 


The tensile testing machine may be of any make or 
type but for use in connection with welding problems 
should have a capacity of not less than 60,000 Ib. and a 
100,000 Ib. machine is preferable. 

The bend tester is usually a home-made affair in- 
corporating a twelve-ton hydraulic truck jack. 
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The torsion machine for testing single spot welds 
be made in the laboratory. 
For hardness surveys the combination of the \; 
and the Rockwell is ideal for welding and cutting researc) 
but owing to the expense of the Vickers, a Rockwell [ 
_— 





“Superficial” might well be substituted for bot} 

The strain gage and cathatometer are necessa; 
instruments for measuring elongation in tensile spec; 
mens, the former for the standard tests and the latte, 
for ‘“‘weldability’’ tests on various materials. 


Arc Welding Equipment 


Little need be said in regard to this equipment 
Probably the two most important items are the ventilat 
ing system and the automatic head. The ventilating 
system is intended to remove smoke and fumes resulting 
from coated electrodes and the automatic head is impor 
tant in illustrating the effect of variable heating and 
cooling rates on different materials. 


Oxyacetylene Welding Equipment 


Here again, equipment is more or less standard al- 
though a flame-hardening head has been specified for 
one of the straight-line cutting machines. The purpose 
of this is also to illustrate the effect of changes in the Li 
heating and cooling rates. 


“ . ° f Ca 
Cast-iron grids have been specified for the welding qu 
bench because of the difficulty of maintaining fire brick wi 
tops. 
° . . . T 
Resistance Welding Equipment 2 
These machines are all standard so no comment is al 
required. bi 
Machine Tool Equipment pl 
This equipment is a necessity in the laboratory; the nt 
power saw for metallographic specimens, the milling ¥ 
machine for tensile specimens, and the surface grinder . 
for ‘“‘weldability’’ specimens. The bench lathe is for : 
maintenance and manufacture of electrodes for the spot ; 
welders. S 
S 
Miscellaneous Equipment : 
This list is self-explanatory with the exception of the ce 
motion picture projector. Numerous 16-mm. films al 
are now obtainable from manufacturers which are well 
worth inspection and it has seemed that for this reason ’ 
the investment of forty to sixty dollars would be war s] 
ranted. e 
h 
Power Supply 
No comment is required here save that the installation te 
of direct current lines will make variable speed controls d 
a simple matter. Otherwise a small motor generator 0 
must be installed. 5 
a 
p 
CONCLUSION 
t 
Throughout the foregoing outline one fact has been 1 
kept in mind. The material and the effect of welding 
on its serviceability is the major consideration and c 


anything else is secondary in importance. The acquiré 
ment of operating technique on the part of the student ( 
is particularly unimportant and in these courses the 


tual welding required is intended only to familiariz« f 
him with the mechanics of the various processes. It 1s ( 
not expected that he will become proficient in any wel¢ 

ing operation. tf 
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Permits Welding 


Welding—Applications for Modifications or Waivers 


Regulations Made by the London County Council on 
December ‘7, 193'/ 


|. Each application for permission to use electric 
(metal) arc welding (instead of riveting, bolting or 
lapping as required and provided for in the building By- 
Laws) should be accompanied by adequate particulars, 
calculations and plans relating to the character and 
quality of the welding proposed and to the manner in 
which it is proposed to be used. 

If such application be granted, the Council will 
prescribe such conditions as it may deem proper to the 
use of the welding in the manner proposed for that case; 
and such conditions will apply only in respect of the 
building to which such permission relates. 

The Council will, however, be prepared to consider 
preliminary applications for approval in principle of the 
adoption of welding in relation to the construction of a 
building. If such application is granted it will be 
necessary for the detailed consent of the Council to be 
obtained in due course to the methods to be adopted. 

2. Structural steel parts for connection by welding 
should comply with the requirements of the British 
Standard Specification No. 15—1936. 

3. Provision in accordance with the building By- 
Laws should be made for all the effects (e.g., of continuity 
or rigidity) consequent upon the use of welding instead 
of riveting, bolting or lapping. 

4. Terms relating to electric (metal) arc welding used 
in applications to the Council for the use of such welding 
should bear the meanings assigned to them in the British 
Standard Specification No. 499—1933. The terms used 
herein bear the same meanings as in that Specification. 

5. The applicant should furnish in each case evidence 
to the satisfaction of the Council as to the strength, 
ductility and other essential properties of electrodes and 
of weld metal. Such evidence should be suitable and 
sufficient to enable the Council to decide whether— 
and, if so, the conditions under which—the welding pro- 
posed may be used in that case. 

The applicant shall furnish also in each case evidence 
to the satisfaction of the Council as to the means pro- 
posed for: 

(@) ensuring that the welding will be executed by 
competent and reliable operatives; 

(6) supervising the work of each operative welder 
during progress; and 

(¢) ensuring that defective work will not be incor- 
porated in the building to which the consent of the 
Council relates. 

6. The Council will determine in each case the maxi- 
mum permissible stresses, the detail arrangement of 





connections and such other restrictions as the Council 
may deem proper for the use of such welding in the 
manner proposed. 

The following table may, however, be taken as a gen 
eral indication of the probable maximum stresses which 
will be permitted by the Council 


Maximum 
Permissible 


Stress in 
Tons* per 
Square 
Classification of Stress in Welded Connection Inch 
Tension and compression in butt welds , s 
Shearing in butt welds in webs of plate girders and joists 6 


Shearing in butt welds other than webs of plate girders 
and joists ..... bin 40” , ‘ 5 
Stress in end fillet welds psdauee es 
Stress in side fillet welds, diagonal fillet welds and 
tee fillet welds ....... caw 5 


* English Long Ton 2240 Ib 


7. A square butt weld should not be used when the 
thickness of the parts to be joined exceeds three-six- 
teenths of an inch. 

8. When a J or bevel butt weld must be used, the 
maximum permissible stresses should be reduced to 
three-fourths of those specified in clause 6. 

9. Subject to the provisions of clause 7, any of the 
forms of butt weld specified in clause (ii), except a square 
butt weld, may be used provided the parts to be joined 
be not less than three-sixteenths of an inch in thickness; 
but the form and dimensions of the weld surfaces should 
be such as will provide access for the electrode to the 
surfaces to be welded, and enable the welder to see clearly 
the work in progress. 

10. Steel parts less than three-eighths of an inch in 
thickness should, before butt welding, be separated by 
a gap not less than one-sixteenth of an inch 

Steel parts not less than three-eighths of an inch in 
thickness should, before butt welding, be separated by 
a gap not less than one-eighth of an inch. 

Provided that in bevel welds the gaps above specified 
should be not less than one-eighth and three-sixteenths 
of an inch respectively. 

11. A root face (if any) in a butt weld should be not 
more than one-sixteenth of an inch in width for steel 
parts nor more than half an inch in thickness, nor more 
than one-eighth of an inch in width for steel parts 
more than half an inch in thickness. 

In the case of a double V or a double bevel butt weld 
there should be no root face. 
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12. The included angie of a V butt weld should be 
not less than 70 degrees nor more than 100 degrees. 

13. In a bevel butt weld, the angle of bevel should 
be not less than 45 degrees nor more than 50 degrees; 
and the edges of the steel parts should, before welding, 
be separated by a gap not less than one-eighth of an inch 
if the parts are less than three-eighths of an inch in thick- 
ness, and by a gap not less than three-sixteenths of an 
inch if the parts are not less than three-eighths of an 
inch in thickness. 

14. Ina U butt weld, the radius at the bottom of the 
U should be not less than one-eighth of an inch, and the 
angle of bevel on each face shall be at least 10 degrees. 

15. Ina J butt weld, the radius at the bottom of the 
J should be not less than three-sixteenths of an inch; 
and the angle of bevel should be not less than 20 degrees 
nor more than 30 degrees. 

16. Where steel parts of different thicknesses are 
butt welded, and the surfaces of the steel parts are one- 
quarter of an inch or more out of plane, the thicker 
part should be bevelled so that the slope of the surface 
from one part to the other is not more steep than one in 
five (see Fig. 10). 

Alternatively, the weld metal should be built up at 
the junction with the thicker part to a thickness at least 
25 per cent greater than the thickness of the thinner 
part. 

17. (a) Single V, U, J or bevel butt welds should be 
reinforced wherever practicable by depositing a run of 
weld metal on the back of the joint. Where this is not 
done, the maximum stress in the weld should be (except 
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as provided in paragraph (5) of this clause) not mor 
than one-half of the corresponding stress indicated in 
clause 6. 

(6) Where it is not practicable to deposit a run of 
weld metal on the back of the joint, then, provided 
another steel part is in contact with the back of the 
joint, and provided also the steel parts are bevelled to 
an edge with a gap of at least one-eighth of an inch to 
ensure fusion into the bottom of the V and the steel 
part at the back of the joint, and provided further that 
the first run is made with an electrode not larger than 
No. 8 (S.W.G.), the working stress should not exceed 
that indicated in clause 6. 

18. (a) A butt weld should be reinforced so that the 
thickness at the center of the weld is at least 10 per cent 
more than the thickness of the steel parts joined. 


(6) Where a flush surface is required, the butt wel 


should be first reinforced as in paragraph (a) of this 
clause, and then dressed flush. 


(c) Where a butt weld is dressed flush in accordance 
with paragraph ()) of this clause, the working stress 
in the weld metal should not exceed that specified 
clause 6. 


19. The throat thickness of a butt weld should be 
taken as the thickness of the thinner of the steel part 
joined. 

20. The size of a fillet weld should be specified b) 
the length of the shorter leg (see Fig. 11). 

The throat thickness of a fillet weld should be 
less than 0.7 of the size (see Fig. 11). 
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The strength of a fillet weld should be calculated 


on a dimension of 0.7 of the size. 


The effective length of a fillet weld (for the purpose 
of stress calculation) should be deemed to be the over-all 
length of the weld minus twice the weld size. 

> The minimum effective length of a fillet weld 
required to transmit loading should be not less than 
two inches nor less than six times the size of the weld 

Fillet welds connecting steel parts the surfaces of which 
form an angle less than 60 degrees or more than 110 
degrees should not be relied upon to transmit loading. 

93. A side fillet weld is a fillet weld stressed in longi 
tudinal shear—i.e., a fillet weld the axis of which is 
parallel with the direction of the applied load. 

94. An end fillet weld is a fillet weld stressed in trans 
verse shear—i.e., a fillet weld the axis of which is at right 
angles to the direction of the applied load. 

95. A diagonal fillet weld is a fillet weld inclined to 
the direction of the applied load. 

26. A tee fillet weld is a fillet weld joining two steel 
parts, the end or edge of one part butting on a surface 
of the other part (see Fig. 11). 

27. The actual lengths, sizes and types of welds 
should be clearly specified on the particulars, calculations 
and plans to be submitted to the Council. Symbols 
used should be as specified in the British Standard 
Specification No. 499—1933. 
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28. The effective cross section of a weld should be 
taken as the effective length of the weld multiplied by 
the throat thickness as specified in clause 19 for butt 
welds or as specified in clause 20 for fillet welds. 

29. The effective section modulus (7) of a weld or of 
a group of welds in a plane of a connection should be 
taken as the moment of inertia of the effective cross 
section of the weld or group about the neutral axis of 
the weld or group divided by the distance between the 
neutral axis and the edge of the effective cross section 
farthest from it 

30. The direct stress (f) in fillet or in butt welds of 
connections stressed in tension, compression or shear 
should be computed by the following formula (i): 

? 
f (1) 
; A 
where P is the load to be transmitted by the connection, 
and A is the effective sectional area of the weld or welds 
transmitting such load. 

31. The stress in the weld or welds of a connection 
due to bending should be computed by the following 
formula (ii): 


(i1) 


where f, is the stress due to bending, MV is the bending 
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moment transmitted by the connection and Z is the 
effective section modulus of the weld or welds. 

32. When the weld or welds in a connection are sub- 
jected to the action of bending combined with direct 
stress due to shear, tension or compression, the direct 
stress should be computed by formula (i), the stress due 
to bending should be computed by formula (ii), and the 
resultant direct stress f, should be determined there- 
from. The resultant tensile or compressive stress f, 
should not exceed the maximum permissible stress 
specified for tension or compression in clause 6. 

33. The arrangement of welds at a joint should be 
such that uncertainty as to the distribution of stress is 
avoided as far as practicable. Where an eccentric con- 
nection cannot be avoided the bending effect should be 
computed, and proper allowance made. 

34. Members and connections should be so designed 
that component parts may be readily assembled and 
securely held in place by means of clamps or other de- 
vices. The welds should be so located as to be readily 
accessible for welding, inspection, painting and main- 
tenance. 

35. Connections for bracing members, of which the 
sections are not determined by calculated stresses, 
should be designed to develop the effective strength of 
the member. 

36. In all cases where welded joints may be exposed 
to weather, the joining edges of the contact surfaces 
should be sealed by welding, or the parts should be 
effectively connected by welding so that the contact 
surfaces are securely held in contact to prevent the entry 
of moisture. 

37. (a) Intermittent fillet welds may be used when 
continuous welds are not required for strength; inter- 
mittent butt welds should not be used. 

(6) The longitudinal space between intermittent 
fillet welds should not exceed 16 times the thickness of 
the thinner plate in tension members or 12 times the 
thickness of the thinner plate in compression members. 

38. For the purpose of extending the length of fillet 
welds within the space occupied by a joint, slots or holes 
may be made through one or more of the plates forming 
the joint; the slot or hole should not be filled with 
weld metal nor partially filled in such a manner as to 
form a direct weld metal connection between opposite 
sides of the slot. 

The dimensions of the slot or hole should comply with 
the following limits in terms of the thickness of the steel 
part in which the slot or hole is formed: 

(a) Width to be not less than twice the thickness, 
with a minimum of one inch. 

(6) Corners to be rounded with a radius not less than 
the thickness, with a minimum of half an inch. 

(c) Distance from the edge of the member of slot or 
hole to be not less than twice the thickness. 

39. Combination of side and end fillet welds should 
be used in preference to side or end fillet welds alone. 

40. If side fillet welds are used in end connections, 
the length of each side fillet weld should be not less than 





the distance between them. The side fillet welds may 
be either at the edges of the members or in slots or holes 

41. In end connections a single end fillet weld shoujq 
not be used without side fillet welds. Where two o- 
more end fillet welds are used without side fillet welds 
the end of each fillet weld should, wherever possible. p¢ 
returned as a side fillet weld for a length of at least one 
inch, and in this case the full length of the end weld may 
be used for the purpose of calculating its strength, the 
return welds being disregarded. 

42. In lap joints between plates, the minimum 
amount of lap should be at least 4 times the thickness 
of the thinner plate. 

43. In built-up members in which plates are con 
nected by intermittent fillet welds, continuous side 
fillet welds should be used at the ends for a length not 
less than the width of the plate connected. 

44. In built-up members the unsupported width of a 
plate between the welds connecting it should not exceed 
40 times the thickness of the plate. 

45. Welds joining the flange to the web of a plate 
girder should be so designed that they will be capable 
of transmitting the shearing forces between the flange 
and the web without exceeding the maximum permissible 
stresses. 

46. The shear stress in the splices of plate girder 
webs may be assumed to be uniformly distributed over 
the whole depth of the web, and the stresses in the welds 
should not exceed the permissible working stress speci 
fied in clause 6. 

47. For plate girders with unstiffened webs, the 
thickness of the web plate should be not less than one 
sixtieth of its depth. 

48. Column joints should be machined properly to 
fit. For column joints in which the resultant stress 
due to all loads and bending moments is wholly com 
pressive, the welds should be sufficient to retain the 
members accurately in place. For column joints in 
which bending stresses can produce tension the welds 
should be designed to resist such bending. 

49. The connections between beams and columns 
should be designed so that: 

(a) The connection is virtually unable to afford 
restraint to the free deflection of the beam and in such 
cases the beam should be treated as freely supported; 
or 

(6) the connection is virtually rigid and designed to 
be capable of transmitting the full moments and shear 
which are set up at the joint. In this case the design 
should make allowance for the stresses set up in other 
parts of the structure. 

50. The several parts of the welded joint should be de- 
signed to transmit the forces set up, and the following 
methods of construction should be avoided: 

(a) Connection of beams to columns by means of 
welds on the web of the beam only. 

(6) Connection of beams to columns by means ol 
welds on the flanges of the beam only without brackets 
or stools to transmit shear. 
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FLAME-CUT SHAPES 


for 


scope of this paper, comprehends three principal 

operations, as follows: 

Flame-cutting the principal component parts of a 
structure, usually from flat rolled steel plates. Excep- 
tions are structural shapes, forgings or steel castings, or 
steel plates that have been bent, rolled or otherwise 
shaped and perhaps welded. In making accurate as- 
semblies, such as machine tool bases and frames, it may 
be expedient to cut openings after the assembly has been 
made and welded. In this manner the distortions caused 
by flame-cutting can be controlled or minimized. 


FE ABRICATION of modern structures, within the 


* Read at the 38th Annual Convention, International Acetvlene Associa 


tion, Birmingham, Alabama, November 10th, 11th and 12th, 1937. 
t Shop Superintendent and Production Manager, Lakeside Bridge and Stee! 
Company, Milwaukee, Wisconsin 


Fig. 1—Beveling Flame-Cut Square Edge of Plate for Welding Vee 





Fig. 2—Cutting Circular Shapes from Steel Plate Used in Fabrication of Baking 
Machine, with a Portable Cutting Machine 


Modern Structures 








Fig. 3—Front of Press Frame Cut from '/>-In. and ',«-In. Steel, and Welded. Weight, 

2900 Lb. Patterns for the Throat Piece Shape and Sides Were Developed on the 

Drawing Board and Followed with the Tracing Device When Cutting So That When 

Cut and Bent They Could Be Correctly Assembled for Welding with No Over- 
hanging Edges 


Fig. 4—Side of Press Frame Flame-Cut and Welded. Sides and Throat Plates 
Were of Such Unusual Shapes and Cutting Had to Be Done with Accuracy at the 
Joining of the Various Plates to Assure Accurate Fits When the Final Assembly 
Wes Made. Distortion Can Be Eliminated in Flame-Cutting Such Plates When 
Some Knowledge Is Had of the Material and Its Inherent Characteristics 





2. Bending or forming the cut shapes when necessary 


to produce smooth contours and to economize in the cost 
of welding by cutting down the number of welds required. 

3. Welding the cut and formed parts to complete the 
final assembly. Exceptions are those jobs on which it is 
preferable to do certain cutting after forming and welding 
in order to promote accuracy of dimensions and to avoid 
waves and buckles detrimental to finish and appearance. 

The advantages of flame-cut and welded assemblies 
may be summarized briefly as follows 

Freedom of Destign.—There are no apparent limitations 
in the design of a structure when using a cutting torch. 
The component parts, after cutting, may then be flanged 
or pressed to whatever shape that may be desired 

Neat A ppearance.—Contours can be cut to such accu 
racy that no other medium of finish is necessary when the 
cutting is done by an experienced operator and with 
proper equipment. 

Rigidity of Siructure.—The homogeneity of rolled steel 
and its known uniform value to resist stresses permit 
economical distribution of materials as required, without 
increased bulkiness or weight 

Low Costs of Manufacture.—Alterations and difficult 
changes can be made during or after fabrication without 
great cost or loss to the manufacturer or customer 

Saving of Weight.—By the correct distribution of ma 











Fig. 5—Drilling Machine Base, with Double 
Head Arrangement for Indexing Table in Center 
Flame-Cut from °/s-In. Steel Main Walls. Weight, 
3000 Lb. This Job Is a Good Example of the 
Advantages of Flame-Cutting in Comparison with 
Shearing. Steel Plates °/s In. Thick Are Beyond 
the Capacity of Ordinary Shearing Machines. 
Moreover, It Would Be Inadvisable to Shear Steel 
Plates of This Thickness Because Square Edges 
Were Required. if Sheared the Edges Would Be 
of Irregular Shape Detrimental to Welding. 
Alter the Outside Sheets Were Bent and the 
Assembly Made and Welded, Integral Cutting 
Was Then Done. The Openings at the Ends of 
the Frame and in the Center and for the Circular 
Track Were Thus Cut with the Wrapper Sheet 
Firmly Held Against Cutting Distortion 


terial, strength can be developed where most needed and 
weight saved. 

The first operation listed above will be the principal 
subject of this paper; that is, flame-cutting of shapes, the 
production of flame-cut parts and how the “‘tailoring”’ of 
sheet or plate steel is accomplished in our shop practice. 


Flame-Cutting Process 


The process of cutting with the gas torch is of singular 
adaptability in producing shapes whether simple or com- 
plex. When done with one of the modern gas cutting 
machines it is comparable in smoothness and accuracy to 
jig sawing patterns from wood. This adaptability in 
producing shapes not readily made by the older conven- 
tional methods we have found to be extremely valuable, 
as will be evident from some of the fabrications shown 
in the illustrations. 


Effect of Flame-Cutting 


One question often asked about flame cutting is: What 
detrimental effect, if any, has the process on the metal at 
or near the cut surfaces? Without going into a metal- 
lurgical discussion, I would say that we have found no 
detrimental effect on the low carbon steels (0.10 to 0.20 
per cent carbon) used principally for the structures that 
we have built. In fact, as between flame-cutting, and 
shearing, punching or hot sawing, the choice would be 
flame-cutting as being the least detrimental to the grades 
of steel most commonly used in our fabricated structures. 


Accurately Fitted and Beveled Joints Necessary 


Fabrication of machine tool frames and bases requires 
that fitting up and welding be done with little or no 
change in the alignment due to weld contraction. Hence, 
it is essential that the flame-cut edges be accurately 
beveled, and that the fitting up or tacking be done with 
bottom edges butted closely, leaving little or no space 
between for weld contraction. Obviously, only machine 
cutting will enable accurate fabrication to be accom- 
plished when no wide gaps in the welding vees can be 
tolerated. Hence, machine-cut edges are machine-bev- 
eled with the torch also. 

Locked-up stresses in such welded structures are re- 
lieved by normalizing after welding. But when the 
nature of the job requires accurate fitting up and no 
allowances for weld contraction can be made, and the 
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Fig. 6—Machine Tool Base Including High-Pressure Tank, 
14 Ft. 6 In. Long and 24 In. Wide, Flame-Cut and Welded. 
The Base Represents About 35 Ft. of Flame-Cutting, and 
Weighs 4000 Lb. Here Again the Same Method of Flame- 
Cutting Was Employed Not Only on the Openings Cut 
integrally but Also on Both Sides of the Side Plates to 
Produce a Uniform Dimension Throughout. These Top and 
Bottom Cuts Formed the Surfaces to Which the Top and 
Bottom Bars Were Welded 


Fig. 7—Frame for Special Grinding Machine Flame-Cut from 

i-Inch Steel for the Side Walls. Six Sets of High-Carbon 
Steel Ways Were Flame-Cut with 45° Bevels to Reduce 
Machining Were Welded in Place. The Peculiar Shape o 
This Special Grinding Base Was Easily Accomplished by 
Flame-Cutting Fabrication. Construction as Shown in the 
Front View, Including the 45° Bevels Cut from High-Carboy, 

Steel, Was Readily Accomplished 


Fig. 8—Frame for Speed Shearing Machine with Side Walls Flame-Cut from ' ..{p 

Steel. The Inside, or Throat Piece, and the Outside Were Flame-Cut from * s-Inch 

Steel. The Base Is Separately Fabricated, and the Frame and Base Are Held To. 

gether by Machine Screws Passing Through Flanges at the Sides. The Weight of 

This Job Was 2600 Pounds, and 37 Feet of Cutting Were Required in the Fabrica- 

tion. Depth of the Throat, 53'/:Inches, and Height of Gap, 10’ /sinches. Distance 
from the Throat to Outside of Back, 18'/: Inches 





Fig. 9—Viaduct Expansion Joint Fabricated by Machine Gas Cutting for the 
Intercity Viaduct, City of Kansas City, Kansas. Each Piece of 14 Sets of Expansion 


Joints Represented About 250 Lineal Feet of Cutting on 2-inch e, and Each 

Tooth Represents About 12 Inches of Cutting. The Teeth Are 6 Inches Deep with 

aBevelof2to12. 17,590 Cubic Feet of Oxygen and 3772 Cubic Feet of Acety- 
lene Were Consumed 
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size precludes normalizing, the welding beads are peened 
as the welds are made to eliminate as far as possible such 
locked-up weld stresses. 


Control of Flame-Cutting Distortion 


Flame-cutting, whether done by machine or with the 
hand torch, is bound to cause some distortion in the parts 
cut due to localized application of the high-temperature 
cutting flame. It is possible to overcome these local dis- 
tortions when cutting square, rectangular, round and 
other shaped holes by firmly holding the plates during 
the cutting process, but how? The simplest and most 
effective method where applicable is to weld into the final 
assembly the component sheets which are to contain the 
holes, and then cut the holes with the gas cutting ma 
chine. Locked-up stresses can be relieved in the normal 
izing process. An incidental advantage of this method 
of introducing flame-cut holes is that a wrapper plate 
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can be bent or rolled whereas if holes are flame-cut in the 
flat no bending or rolling can be done afterward because 
of the variable resistance to bending caused by the pres- 
ence of the holes. 


Cutting Machines 


We accomplish machine torch-cutting with a stationary 
machine. Figure 1 shows the torch set for beveling the 
same edge to form a welding vee. Machine-cutting is 
also accomplished with a portable machine designed for 
making straight and circular cuts. It is shown in Fig. 2 
making a circular cut on a baking machine part. Con 
trol of the diameter is effected by adjusting the center 
point on the radius rod to produce the radius or diameter 
required. 

Proof of the pudding is in the eating, and truth of the 
principles of flame-cut and welded assemblies set forth is 
furnished with photographs of jobs done 
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Welded Hulls Bring New 
Advantages for Fishing Boats 


By JOHN GARBERSON? 


HE all-welded steel hull of the ‘Paramount,’ 

largest purse-seine fishing boat in the world, allows 

her to carry 30 per cent more fish than she could 
if her hull were of wooden construction. Although the 
construction expense of this welded hull was approxi- 
mately one-third higher than that of a wooden hull, 
insurance rates are more than cut in half, and main- 
tenance costs are greatly lowered. On the basis of 
operating economies thus gained, the new steel hull is 
estimated by its owners as being capable of paying for 
itself in two years. 

The Lake Washington Shipyards, Houghton, Wash., 
used six tons of shielded are electrode in fabricating 
the hull of the 121 feet long, 30 feet wide vessel. Upon 
completion, the “Paramount’’ was immediately sold 


t News Bureau, General Electric Company, Schenectady, New York. 
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to Frank Mosick, Bernard Carr and Associates, for 
tuna fishing out of San Pedro, Cal. Her capacity for 
carrying fish in brine (net weight of fish, 330 tons) is the 
largest among Pacific fishboats. 





Arc-Welded Fabricated Tuna Clipper, “‘Paramount,"’ Built at the Lake Washington 
Shipyards, Haughton, Wash. 
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WELDING SOCIETY ACTIVITIES 





AND RELATED EVENTS 








From Humble Beginnings 


Nineteen years ago the AMERICAN 
WELDING SOCIETY came into existence. 
Over two hundred members joined with 
Professor C. A. Adams in launching a 
new technical society. With the highest 
of ideals these courageous founders pledged 
themselves to place the welding industry 
on a firm, sound, scientific basis and to 
increase its usefulness as a tool of industry. 

It must be a source of satisfaction to 
those ‘‘founders’”’ who still remain to look 
back over the field of accomplishments 
and to note how closely the cooperative 
work of the Society parallels and ties in 
with the progress of a great industry. 

Some of these “old-timers,” if I may 
call them thus, will perhaps look upon 
some of us new comers as “young up- 
starts.’ These pioneers were for the 
most part not metallurgists, although 
many were real scientists. Not being 
steeped in the metallurgical lore of those 
days they did not know that many of the 
things they were doing or about to do were 

impossible.’’ Nevertheless they made 
progress and the metallurgists had to gain 
new conceptions of what takes place at 
the extraordinarily high temperatures of 
welding in fractions of a second. Be that 
as it may, the welding industry must now 
depend on these metallurgists for further 
extension of the frontiers of our knowledge 
in this rapidly growing and relatively new 
industry 

Nineteen years ago these welding en 
thusiasts had to take a hand at being 
structural and machine designers, marine 
engineers and a dozen other things. We 
can say this much for them—they were 
not easily discouraged. 

Today the wide application of welding 
requires the specialized knowledge of the 
structural engineer, the bridge designer, 
the machinery specialist and so on. The 
best use for welding is made when these 
Several varieties of engineers become 
familiar with welding and its possibilities 

“Let us take a look at the record.” 
During 1936 more than 140 million pounds 
of steel welding wire were produced as 
compared with less than one-sixth of this 
amount in 1932. It is too bad that figures 
are not available for the year 1919 at the 
ume when the AMERICAN WELDING 
SOCIETY got started. Today, the AMERI- 
CAN WELDING Society Building Code 
provisions are part of the municipal build- 
ing codes of more than two hundred locali- 
ies, including several of the largest cities 


in the country. Its Filler Metal Specifi- 


cations, Bridge Specifications, Qualifica 
tion Requirements for Processes, Symbols 
and other codes are recognized as authori- 
tative throughout the land by private 
companies and governmental depart- 
ments. These facts are significant in 
that they indicate that the AMERICAN 
WELDING Society can and has functioned 
as the technical spokesman for the welding 
industry. 

The welding industry itself has kept 
apace. It has met every imcrease in 
strength and other desirable physical 
properties of newer steels and alloys with 
corresponding improvements in the qual- 
ity of the weld metal. Techniques are 
constantly being improved. 

Those who have helped build the So 
ciety from these small beginnings to an 
organization of well over three thousand 
members can well be proud of their 
efforts. One of the things in which the 
AMERICAN WELDING SOCIETY is unique 
among other organizations of its kind is 
the extraordinary amount of cooperative 
research it has undertaken 

Its contact with the universities is bear 
ing fruit in many directions—not only the 
direct returns of research accomplished, 
but in the more permanent indirect bene 
fits obtained through the training of 
young men in the knowledge of welding 

Sections are now located in every im 
portant industrial center, and they con 
tribute greatly to the growth and well 
being of the Society To those who are 
complacent let me add a word of caution 
that there are new problems and new 
difficulties. Leadership can only be re 
tained by the most diligent and continuous 
painstaking efforts. The pioneering spirit 
of the founders is needed to take us into 
new paths of accomplishments. We will 
not fail if we continue to maintain the 
courage, ideals and leadership of those 
two hundred odd men who banded together 
nineteen years ago to found the AMERICAN 
WELDING SOCIETY 

P. G. LANG, Jr., President 





IMPORTANT NOTICE 
Ballot Amendments to By-Laws 


In the mimeograph copy of the 
letter ballot on Amendments of By- 
Laws, place and date of signature 
was inadvertently omitted. Mem 
bers are requested to sign their name 
and date ballot before sending in. 











E. F. Scattergood Selected as Chair- 
man of the A.W.S. Regional 
Conference 
Mr. E. F. Scattergood, General Chair 
man of the Conference committee , is chief 
electrical engineer and general manager 
of the Los Angeles Municipal Bureau of 
Power and Light, the largest city-owned 

electric utility in the world 

He literally has brought that in$Stitution 
from the blueprint stage to its present 
dominant position, having been retained 
as consulting electrical engineer for the 
Los Angeles—Owens River aqueduct proj 
ect in 1906, when he formulated plans 
for utilization of the hydraulic drop along 
the 238 mile aqueduct route When 
aqueduct construction started in 1906 he 
was appointed as full time electrical engi 
neer and in 1909 he became chief engineer, 
a post he has held continuously to this 
time 





Streamlined Branch Connection (30 Ft. by 13 Ft.) at 
Febrication Plant Near Boulder Dam, Ready for Move- 
ment to Dem Site to Be Connected to Main 30-Ft. 
Penstock Pipe of the Power Plant. This One Section 
Weighs 378,000 Pounds and is « Small Part of the 
Welded Penstock Network Through Which Weter 
Rushes to Turn Gient Turbines to Furnish Light end 
Power for the City of Los Angeles 


AMERICAN WELDING SOCIETY mem 
bers will be interested to know that the 
Bureau of Power and Light installed the 
first rivetless, all arc-welded steel pen 
stock in the United States at its San 
Fransisquito Power Plant No. 2, 
45 miles northwest of Los Angeles Phi 
work was done in 1932. The penstock 


about 


was fabricated from 309 tons of steel 
varying in thickness from */, inch to 

sinch. Diameter varied from 6 feet to 
7 feet and the total length of the penstock 
was approximately 1400 feet 








Huge Section of Electrically Welded Steel Penstock 
Pipe in Transit from Fabrication Plant to Be Installed at 
Boulder Power Plant Where It Is Used to Supply Water 
to Drive Giant Turbines to Generate Electricity Brought 
to Los Angeles by the Bureau of Power and Light 


Other heavy duty welding work, done 
in the Bureau’s shops, is in fabricating 
transfer cars for moving transformers, 
some of which weigh 185 tons. The cars 
have eight wheels which roll on railroad 
tracks in the yards of electric substations 
Some of the welds are on six ton steel 
sections and on 18 inch I-beams. By 
maintaining an even distribution of heat 
and by peening to relieve stresses after 
each bead is applied, accuracies within 
1/6 inch are maintained in the finished 
cars, 

Where special truck bodies are specified 
to meet unusual operating conditions in 
a utility system that extends over the 
largest city in area in the world and 
reaches to the Colorado River where 
Boulder Dam power plant generates the 
major power supply for the system, the 
work usually is performed in Bureau 
Shops. Such bodies are all-steel, all 
arc-welded. 

Normally about 20 welders are em- 
ployed by the Los Angeles Department of 
Water and Power. In addition to the 
type of work mentioned, they handle 
welding operations where needed in over- 
hauling heavy construction equipment, in 
fabricating switch bases, installing steel 
door and window frames for buildings 
constructed by the Bureau, and many 
miscellaneous classifications. 

There are 20 electric welding machines, 
30 of the acetylene type, two cutting ma- 
chines and three metal spraying outfits on 
hand. 





Welding a Circumferential Butt Strap on a Section of 


Penstock for Bureau of Power and Light Generating 
Plant in San Fransisquito Canyon. This Is the First 
Rivetiess, Electrically Welded Penstock in the World 
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“Welding processes are finding new 
applications continuously in industry,” 
Mr. Scattergood pointed out. “The 
Bureau of Power and Light is not only 
interested in seeing these advances but it 
is helping to bring them about in a very 
material way by providing low electric 
rates so that the competition of other 
fabricating methods may be met success 
fully. 

“Our own participation in advancing 
this forward step is evidenced in the pio 
neering methods used by our engineers and 
construction forces in erecting a rivetless 
penstock at one of our power plants. We 
also find countless other uses for welding 
equipment in our shops. 

“Incidentally, the largest welding job 
on record is the one which provided the 
giant 30 feet diameter penstocks for 
Boulder Power Plant. It is appropriate 
and significant that water carried through 
those great steel tunnels provides the 
impetus for generation of electricity that 
is brought to Los Angeles by the Bureau 
of Power and Light to serve local metal 
industries as well as the community 
generally.” 

Mr. Scattergood graduated from Rut 
gers University in 1893 with a B.S. degree 
and received his Master’s from Cornell 
University. He also has an M.M.E. and 
a Sc.D. degree. Before coming to Los 
Angeles in 1901 he had been an instructor 
at Rutgers and Cornell and head of the 
department of physics and _ electrical 
engineering at Georgia Institute of Tech 
nology. Since 1926 he has been a non- 
resident lecturer on electrical engineering 
at Stanford University. 

A Phi Betta Kappa, he also is a Fellow 
of the American Institute of Electrical 
Engineers, and a member of Pacific 
Geographical Society, Seismological So- 
ciety of America and Sigma Xi fraternity. 


Western Metal Exposition and Con- 
gress Will Be Greatest Industrial 
Show Held in the West 


For the third time, the Western Metal 
Congress and Western Metal Exposition 
will be held in the city of Los Angeles. 
Over 50,000 visitors interested in modern 
application methods of welding and cut- 
ting will here assemble and inspect the 
many splendid exhibits at the Pan 
Pacific Auditorium from March 2lst to 
25th, 1938. 

Cooperating with the American Society 
for Metals are the American Chemical 
Society, American Foundrymen’s Associa- 
tion, American Institute of Aeronautical 
Engineers, American Institute of Electrical 
Engineers, American Institute of Mining 
& Metallurgical Engineers (Institute of 
Metals), American Petroleum Institute, 
American Society of Civil Engineers, 
American Society of Mechanical Engi- 
neers, American Society for Testing Ma- 
terials and the AMERICAN WELDING 
SOCIETY. 

The Exposition and lectures will cover 
every modern welding and cutting pro 
cedure, equipment and supply as well as 
all of the innumerable test procedures and 
equipments for the basic raw materials 
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utilized in all of the industries whos, 
ucts are designed for and fabrica:, 
welding. There will be represented aj) os 
the industries which have contributed < 
tremendously to make possible str, 
more dependable, more beautify! 
costly structures; these include ther 
facturers of abrasives, aircraft, 
metal alloys, non-ferrous metals, ma 
shop equipments, small tools, oil wel] 
electrical apparatus, laboratory 
equipments, safety equipments, air 
heavy hardware, industrial engines, 
matic, semi-automatic and manually 
erated gas and electric welding and « 
equipments, as well as the numerous pubj; 
cations serving every one of these ij 
tries. 


tools, 


Advance Program 
For the 


American Welding Society 
Western Regional Conference 
Biltmore Hotel, Los Angeles, Calif. 


In conjunction with 
The American Society for Metals 
and the 
Western Metals Congress & Exposition 


Monday, March 21st 


9:30 A. M. OPENING SESSION 

P. D. McElfish, Chairman, Standard 
Oil Co. of Calif. 

T. C. Smith, Vice-Chairman, General 
Petroleum Corp. 

Announcements 
Symposium on Welded Oil Well Casing 
Strings 

Weldability and Properties of Ma 
terials for Casing Strings by J. ¢ 
Hodge and L. H. Sadler, Babcock 
& Wilcox Co., New York. 

Field Practice in Welding Casing 
Strings by Howard Newby, Ameri 
can Pipe & Steel Corp., Lo 
Angeles. 

Physical and Economical Advantag: 
of Welded Casing Strings, Author 
to be announced. 

12:00 Noon. LUNCHEON MEETING, BILT 
MORE HOTEL 
K. V. King, Divisional Vice-President, 
Presiding 
Welcoming Address by E. F. 
good, Convention Chairman. 
Introduction of National & Divisional 
Officers, authors and guests. 
Address by P. G. Lang, Jr., President 
of the AMERICAN WELDING SOCIET\ 
12:00 Noon to 10:00 P.M. Metars Ex 
POSITION, PAN PAcIFIC AUDITORI 


Scatter 


Tuesday, March 22nd 


9:30 A. M. CONFERENCE SESSION 
N. F. Ward, Chairman, University 
California 
Lloyd Earl, Vice-Chairman, Consol 
dated Steel Corp. 
Application and Proper Use of Har 
Facing Materials by Don Llewelly: 
Air Reduction Sales Co., New Yor 
Welding Cast Irons by Prof. Gilbert 
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haller, University of Washington, 12:00 Noon To 10:00 P.M. Metacs Ex H. ¢ Whittlesey, Vice-Chairmar 
attle. POSITION, PAN PAcIFIC AUDITORIUM Consulting Structural Engineer 
I! Helping the Small Job Shop Welder by Design of Welded Connections in Build 
; 1 C. Gowing, J. C. Gowing Company, ing Construction by Paul Jeffer 
: s Angeles Thursday, March 24th Consulting Structural Engineer, Lo 
- led Plate Construction for Ma- 9:30 A.M. CONFERENCE SESSION Angele 
hinery Bases and Substructors by Farl Gerd, Chairman, Union Oil Co Resistance W g Pro es and Thi 
ichard Young, Bethlehem Steel C. W. Robert Vice-Chairman, The Appli ion by Stanley Levy * 
ine Corporation, Los Angeles . Southwestern Engineering Con El o We » ¢ 
; Noon To 10:00 P.M. Metars Ex pany Problet in Welding Light Gage M 
SITION, PAN PaciFic AUDITORIUM Design and Fabrication of High Ten ag Ae ] |. Bruton, The Lind 
erature and High Pressure Piping ir Fro \ Angeles 
Wednesday, March 23rd ve F. C. Fantz, Midwest Piping " Wel ‘ uit Materials by 
Pp ) 4. M. CONFERENCE SESSION and Supply Co., St. Louis C. lL. ‘ lated Aircraf 
ng C.M. Allen, Chairman, L. A. Bureau Recognizing and Repairing Weakness: » — — 
of Power and Light. in Existing Pressure Vessels by ba: P. M METALS Ex 
C. P. Sanders, Vice-Chairman, West K. V. King and F. T. Patton, Stand POSIT! P PACIFIC AUDITORIUM 
ern Pipe & Steel Company. ard Oil Co. of Calif., San Francisco 
Symposium on Large Welded Pipe for Stainless Alloy Welded Plate and Cast Obituar 
Water & Power Transmission. ings in Corrosion Resisting Pressur« y 
Problems Connected with the Prepara Equipment by Randolph Simpson, Walter Alexander Wood. Secretary 
tion of a Standard Code for the Electric Steel Foundry Co., Portland, Manager of the I 1eers’ Club of Balti 
Construction of Large Welded Pipe Oregon more, died iddenly on December 2 
by Dr. W. F. Durand, Stanford The Effect of Alloy Additions Upon th« 1937, while busily engaged in the discharg« 
University Welding Properties of the Chromiun of his duties at the office of the Engineet 
if. Shop Fabrication of Large Diameter Steels by Leon Bibber, Carnegic« Club at Baltimore, when he differed a 
Steel Pipe by L. M. Muffler, Con Illinois Steel Co., Pittsburgh, Pa heart attack 


olidated Steel Corporation, Los 


12:00 Noon To 6:00 P 


M METALS Ex 


Members of 


Maryland Section will 


Angeles POSITION, PAN PaciFICc AUDITORIUM recall that Major Wood was instrumental 
Mitigation of Corrosion in Steel Pipe 7:00 P. M DINNER DANCE, BILTMORI in the formation of the Maryland Section 
Lines of the Colorado River Acque Bow, BILTMORE HOTEL His engaging personality and conscien 
” duct by H. P. Vail, The Metropolitan tious discharge of his duties endeared hin 
Water District of Southern California Friday, March 25th to all persons connected with the Clul 
. ‘ ’ 
12:00 Noon. LUNCHEON CONFERENC! lo its interest be unstintingly devoted the 
Memberships, Programs and Organiza 9:30 A. M. CONFERENCE SESSION talents acquired by long experience and 
tion Problems of the Society and of Joe Killian, Chatrman, A. M. Castk created for himself a unique place in the 
the Sections will be discussed Co local community 
.] 
’ 
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SOCIETY AND RELATED ACTIVITIES 


Sections AMERICAN WELDING SOCIETY 


CHAIRMEN, SECRETARIES AND REGU 






LAR MEETING DATES 





To Members 

When in any city where sections of the Society 
are located—try to attend the meetings if held 
during your visit. This will widen your con 
tacts in welding and enable you to in 
terchange experience with others in similar 
lines of business If no regular meeting date is 
given telephone the Secretary who will tell you 


ATLANTA, GA. 1st Tues. 
CHAIRMAN—M. C. SNEAD, Link Belt 
Co., 1116 Murphy Avenue, S. W 
SECRETARY—R. G. WILSON, 139 Simp- 
son St., N. W. 
BIRMINGHAM 3rd Fri. 
CHAIRMAN—E,. E. MICHAELS, Chicago 
Bridge & Iron Co., P. O. Box 277 
SECRETARY—J. E. DuRSTINE, Lincoln 
Elec. Co., 505 No. 22nd St 
BOSTON 
CHAIRMAN—P. J. HOoORGAN, 
Electric Co., Lynn, Mass. 
SECRETARY—P. N. RuGG, Boston Edi- 
son Co., 39 Boylston St. 
CHATTANOOGA, TENN. 
CHAIRMAN—E,. C. CHAPMAN, Combus- 
tion Engineering Co., Hedges-Walsh- 
Weidner Div. 
SECRETARY, CHESTER T. RaymMo, Chat- 
tanooga Boiler & Tank Company 
1011 East Main St., Chattanooga 


3rd Fri. 


General 


CHICAGO 3rd Fri. 
CHAIRMAN—ToM JONES, 8244 East End 
Ave. 


SECRETARY—M. S. Hendricks, Room 
975, 608 So. Dearborn Street. 
CINCINNATI, OHIO aa 
CHAIRMAN—W. W. Petry, Cincinnati 
Milling Machine Co., Cincinnati 
SECRETARY—J. K. Ross, United Weld- 
ing Company, Middletown, Ohio 
CLEVELAND Qnd Wed. 
CHAIRMAN—E. R. BENeEpICcT, Contract 
Welders, Inc., 2445 E. 79th Street 
SECRETARY—E. T. Scott, Cleveland 
School of Welding, 2261 E. 14th St. 
CONNECTICUT 
CHAIRMAN—E. R. Fisu, The Hartford 
Steam Boiler Insp. & Ins. Co., Hartford 
SECRETARY—H. A. PENNINGTON, 196 
Chapel Street, New Haven 
DETROIT 1st or 2nd Fri. 
CHAIRMAN—VAUGHAN Rem, City Pat- 
tern Works, 1165 Harper Ave. 
SECRETARY—H. P. Doup, General Elec- 
tric Company, 700 Antoinette St. 
HAWAIll Ath Tues. 
CHAIRMAN—E. E. Heacock, Hawaiian 
Gas Products Ltd., P. O. Box 2454, 
Honolulu, T. H. 


; SECTIONS BEING DEVELOPED 


Note the name of the contact man in 
each locality who is either Chairman or 
Secretary of an active group interested in 
the formation and completion of Section 


Organization. Those desiring to assist 
should communicate with these indi- 
viduals. 


CANTON, OHIO (Akron, Alliance, etc.) 
RoBert M. WALLace, The Griscom- 
Russell Company, Massillon, Ohio 


COLORADO : . 
J. H. Jounson, Johnson Supply Co., 
Denver, Col. 


COLUMBUS, OHIO 
Pror. O. D. Rickty, Ohio State Uni- 
versity 


MIAMI VALLEY (Dayton, Troy, etc.) 
E. STANSEL, Frigidaire Division, Gen- 
eral Motors Corp., Dayton, Ohio 








SECRETARY—R. L. MULLEN, Honolulu 
Iron Works Co., Honolulu, T. H. 


INDIANAPOLIS, 
CHAIRMAN—R. D. EAGLESFIELD, 357 S. 
La Salle St. 
SECRETARY—J. S. 
Mallory & Co. 
KANSAS CITY, Mo. 3rd Mon. 
CHAIRMAN—C. E. WoopMAN, Kansas 
City Bridge Co., 215 Pershing Rd. 
SECRETARY—ALBERT W. Rortn, 1531 
Broadway 


LOS ANGELES 3rd Thurs. 
CHAIRMAN—WaAYNE A. Howarp, Gen- 
eral Petroleum Corp., 2525 E. 37th St. 
SECRETARY—J. C. Gowrna, P. O. Box 
186, Huntington Park, Calif. 


MARYLAND 3rd Fri. except April 
CHAIRMAN—Dr. J. W. MILter, Reid 
Avery Co., Ches. & Cleveland Aves., 
Dundalk, Md. ‘ 
SECRETARY—C. N. HILBINGER, Lincoln 
Electric Company, Baltimore, Md. 


MILWAUKEE Qnd Wed. 
CHAIRMAN—K. L. HANSEN, Harnisch- 
feger Corp. 
SECRETARY—J. J. CHYLE, 2841 N. 5lst 
MONTANA 1st Wed. 
CHAIRMAN—HENRY F. C. RuUMFELT, 
701 Musselshell, Fort Peck 
SECRETARY—ALLEN W. Bates, Apt. 
4503D, Fort Peck, Montana 
NEW YORK 
2nd Tues. except when Joint Meeting is held 
CHAIRMAN—R. W. Bosccs, The Linde 
Air Products Co., 205 E. 42nd St. 
SECRETARY—G. V. SLOTTMAN, Air Re- 
duction Sales Co., 60 East 42nd Street 
NORTHWEST 3rd Wed. 
CHAIRMAN—W. E. Murpnuy, Northern 
States Power Co., Minneapolis 
SECRETARY—ALEXIS CASWELL, Manu- 


WiiuiaMs, P. R. 


facturers Assoc. of Minn., 405 
Marquette Ave., Minneapolis 

NORTHERN N. Y. Last Thurs. 

CHAIRMAN—W. F. Hess, Rensselaer 


Polytechnic Inst., Troy, N. Y. 
SECRETARY—G. A. Ross, General Elec- 
tric Co., Schenectady, N. Y. 


WESTERN N. Y. Last Mon. 
CHAIRMAN—H. J. ScHLEIDER, Air Re- 
duction Sales, 730 Grant St., Buffalo 
SECRETARY—F. O. Howarp, Am. Steel 
& Wire Co., 1403 Liberty Bank Bldg., 
Buffalo, N. ¥. 


DALLAS-FORT WORTH, TEXAS 
W.B. Van Wart, Wyatt Metal & Boiler 
Works, Dallas, Texas or C. K. RicKe. 
Big Three Welding Equipment Co., 


Fort Worth 
FORT WAYNE, INDIANA 
James McCiure, Wayne Welding 


Supply Co., 513 East Wayne St., 
Fort Wayne, Indiana 
LOUISVILLE, KY. 
A. Hurtcen, Henry Vogt Machine 
Company, 10th & Ormsby Streets 
MEMPHIS, TENN. 
B. B. Drury, Jr., Modern Engineering 
Company, 238 South Front St. 
MOBILE, ALA. 
E. D. Petit, Air Reduction Sales Co., 
Canal & Water Streets 
NEW ORLEANS, LA. 
O. B. McLAUGHLAN, Freeport Sulphur 
Co., Chairman 
J. H. Butt, Lester 
Secretary 


Alexander Co., 
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OKLAHOMA CITY 1st Tues, 

CHAIRMAN—Q. T. BARNETT Black 

Sivalls & Bryson, Inc., Box No . 
Okla. City, Okla. 

SECRETARY—K. B. Banks, P. O. Box 
1377, Okla. City, Okla 

OMAHA, NEBRASKA 

CHAIRMAN—L. B. Tuomas, Economy 
Welding Service, 18th & Cuning Sts 
Omaha 

SECRETARY—G. E. McGratu, McGrath 
Welding Co., 4026 Nicholas, Omaha 

PHILADELPHIA 3rd Mon. 

CHAIRMAN—T. M. Jackson, Sun Ship- 
building & D. D. Co., Chester, Pa 

SECRETARY—H. E. HOopKins, Arcos 
Corp., 401 N. Broad St. 

PITTSBURGH Middle Wed. 

CHAIRMAN—LEON C. BrpsBer, Carnegie- 
Illinois Steel Corp., Carnegie Building 

SECRETARY—J. F. MINNOTTE, Min 
notte Bros., 1201 House Bldg. 

PORTLAND No dates set 

CHAIRMAN—G. C. DIERKING, Steel Tank 
& Pipe Co., P. O. Box 1899, Sta. F 

SECRETARY—L. M. Pickett, Steel Tank 
& Pipe Co., P. O. Box 1899, Sta. F 

ROCHESTER, N. Y. 1st Thurs. 

CHAIRMAN—THOs.S. GAYLORD, Eastman 
Kodak Co. Kodak Park Works. 

SECRETARY—Paul W. James, The Lin 
coln Electric Co., Rochester 

SAN FRANCISCO Last Fri. 

CHAIRMAN—N,. F. Warp, University of 
Calif., Berkeley, Calif. 

SECRETARY, J. G. BOLLINGER, Air Re 
duction Sales, Park & Halleck Sts., 
Emeryville, Calif. 

ST. LOUIS Qnd Fri. 

CHAIRMAN—A. W. Harris, 2449 Milk 
Avenue, Alton, IIl. 

SECRETARY—C. W. S. SAMMELMAN, 
4359 Lindell Blvd., Engineers’ Club 

YOUNGSTOWN (Ohio) 2nd Mon. 

CHAIRMAN—CHARLES WATSON, Youngs- 
town Welding & Engr. Co. 

SECRETARY—C. A. WILLS, Wm. B 
Pollock Co., Youngstown, Ohio 

SOUTH TEXAS 

CHAIRMAN—MArRVIN Cook, Humble Oil 
& Refining Co., Houston 

SECRETARY-TREAS.—MALCOLM V. REED 
P. O. Box 3052, Houston 

WASHINGTON, D. C. 1st Tues. 

CHAIRMAN—A. G. BISSELL, Bureau of 
Construction and Repair, Navy Dept 

SECRETARY—C. A. Loomis, Bureau of 
Construction & Repair, Navy Dept 

SAN JOAQUIN VALLEY 
H. S. Nrx, Box 1364, Taft, Calif 
SYRACUSE-UTICA, N. Y. 

HAROLD P. BENTLEY”, 518 Elm St 

Syracuse, N. Y. 
TOLEDO, OHIO 

J. W. Suucars, The Lincoln Electri 

Company, 632 Spitzer Building 
TULSA, OKLAHOMA 

R. R. Tuompson, Air Reduction Sales 

Company, Tulsa, Oklahoma 
WESTERN MICHIGAN 


Av. G. Bond, Division St. or R. D 
LAYMAN, 314 Bldg. & Loan Bidg 
Grand Rapids. 


WICHITA, KANSAS 
R. L. TOWNSEND, Phillips & Easton Sut 
ply Co. 
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Codes Approved 


Board of Directors have approved 
lowing codes: Qualification of Weld 
wesses and Operators; Rules for 
Welding of Gravity Tanks, Tank 
and Towers; Tentative Rules for 


W ng Steam, Oil or Air Piping in 

M e Construction; Inspection Method 
essure Vessels. These will be pub 
shortly. 


Lincoln Prize Awards 


Attention of the AMERICAN WELDING 
Society is called to the fact that the award 
program closes June 1, 1938, which still 
allows several months for any one to sub- 

t a paper for the contest. 

Any person, or group of two or more 
persons, may participate in the Award 
Program. Although particularly planned 
for engineers, designers, architects and 
production managers, it may be entered 
by any one interested in exercising his 
ingenuity. 

Identity of Contestants will not be 
known by the Jury of Award until it com 
pletes its decisions. The paper adjudged 
by the Jury of Award will bear no name 
Each paper will be identified by number 
until winners are announced 


Subject Matter of Papers 


Participation in the Series of Awards 
necessitates submission of paper which 
hall describe one of the following: 

1. Redesign of existing machine, struc 
ture, building, etc. A machine structure, 
building, manufactured or fabricated prod 
uct of ferrous or non-ferrous metals, previ 
ously made in some other way, which has 
been redesigned in whole, or in part, so 
that arc welding may be applied to its 
manufacture. 

B. New design of machine, structure 
building, etc., not previously made. A 
machine, structure, building, manufac 
tured or fabricated product of ferrous or 
non-ferrous metals, not previously made 
but which has been redesigned in whole or 
in part for the use of arc welding. 

C. Organizing, developing and con- 
ducting a welding service. The welding 
service to be described in the papers may be 
conducted by Commercial Welders or Job 
Shops (G-1), Garages or Service Stations 
G-2), Commercial Welderies (I-1) or 
Plant Welderies (I-2). 

Note that the machine, structure, build- 
ing, manufactured or fabricated product 
under (a) or (b) may be designed either in 
whole or in part for the use of arc welding 


Engineering Metallurgy 


\n unusually attractive book has been 
published by the McGraw-Hill Book Co., 
0 West 42nd St., New York, on “Engi 
neering Metallurgy’’ by Stoughton and 
Butts. The book has 525 pages and sells 
$4.00. This is a revised edition of a 
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previous book on the same subject. It 
includes much of interest to the welding 
fraternity, including a chapter on Weld 
ing 


New Edition, Lincoln Welding 


Handbook 


‘Procedure Handbook of Arc Welding 
Design and Practice,”’ fifth edition just 
announced by The Lincoln Electric 
Company, Cleveland, Ohio, contains 1012 
pages and a total of 1243 illustrations 
including photographs and drawings 
The Handbook is reissued each year to 
include all new data essential for most 
efficient use of arc welding in all its varied 
applications. Written especially for us« 
of designers, engineers, architects, pro 
duction managers, welding supervisors 
and operators, the Handbook contains 
a wealth of data of interest to draftsmen, 
steel fabricators and erectors, foremen, 
cost estimators, maintenance managers, 
shipbuilders, piping and pipe line con 
tractors and students of welding. Copies 
may be ordered through the AMERICAN 
WELDING Socrety. Price U. S. $1.50 
per copy. Foreign $2.00 per copy 


Mr. Basil Osmin 


Maryland Casualty Company, which 
maintains a staff of trained metallurgist 
and welding experts for inspection of 
welded vessels and qualification tests, 
has recently appointed Mr. Basil Osmin, 
formerly Welding Consultant with Elliott 
Company of Pittsburgh, Penna., to as 
sume charge of the Welding Section of 
its Engineering Division 

Mr. Osmin had just returned from a 
two months trip to Germany where he 
was investigating the methods of testing 
and inspection as used in that country 


Texas Welding Conference 


The Third Biennial Welding Conferenc: 
was held at Texas Technological College, 
Lubbock, Texas, February 3rd and 4th 
Special papers dealt with Hard-Facing 
in the Agriculture Industry; Recondi 
tioning Pipe Lines Under Pressure; State 
Boiler Construction Code as Applied 
to Fired and Unfired Pressure Vessels 
Welding of Oil Well Casings; Flame 
Hardening with the Oxyacetylene Process 
Petroleum Modernizes with Arc Welding 
and Modern Metal Working with the 
Oxyacetylene Flame 


Split-Second Welding Control 


Bulletin 


Ways of increasing profits with in 
proved welding quality are suggested in a 
new Westinghouse 12-page pamphlet, 
entitled, ‘“‘New Profits from Resistance 
Welding with Ignitron Split-Second Con 
trol.”’ 

Ignitron controls are available for spot, 
seam, butt and projection welding opera 
tions, and for applications requiring a 
single welder for both spot or seam weld 
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ing Suggestions for handling unusual 


welding jobs 


needing frequent heat ad 
justment, or different current and time 
values are discussed in this booklet 

Illustrations include actual installations 
of ignitron controls for fabricating large 
and small part al typical parts and 
products of steel, stainless steel, aluminum 
and other metals and alloys welded on a 
production basis are shown 

Copies may be secured from the nearest 
district office of Westinghouse Electric 
& Manufacturing Company or from head 
quarters at Ea Pittsburgh, Pennsyl 


Vania 


Welding a Building in the Sky 


For the first time in history, alter 
nating-current arc welding was used to 
fuse all of the steel frame work of a build 





ing on the new office tructure at the 
Westinghouse Electric & Manufacturing 
Company’s transformer works in Sharon, 


Pa. A helmeted welder is shown at work 
on one of the building column 


Utilizing Welded Construction 
How to Change Over to Welded Des 


sign for Profit is the title of a new 

page, 8'o" x 11 profusely illustrated 
bulletin just published by The Lincoln 
Electric Company Intended as an aid 
in applying electric welding to the design 
of machines and machinery structures, 
the new bulletin sets forth the experience 
of many manufacturers who have red 
signed thei 


structior 


The Ingot Phase of Steel Production 


A very attractive book of 76 pages ha 
een published by Mr. W. E. Gathmann 
thmann Research Laboratory 
iltimore, Md In tl 


book the author ha attempted to tell the 


of the Ga 


Cantonsvill 
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steel maker of new practice of securing a 
dependable steel product physically sound 
and of good surface and thoroughly homo- 
geneous, 


John J. Crowe 


John J. Crowe, Past-President of the 
AMERICAN WELDING SOCIETY, was elected 
President of the Compressed Gas Manu 
facturers Association at their meeting at 
the Waldorf-Astoria, January 17th to 18th 


W. H. Bruckner 


Walter H. Bruckner has been appointed 
research associate in metallurgical engi 
neering in the Department of Mining and 
Metallurgical Engineering in the Engineer- 
ing Experiment Station of the University 
of Illinois. A graduate of Columbia Uni- 
versity and an experienced research worker, 
Mr. Bruckner comes to Illinois from the 
United States Naval Research Laboratory 
in Washington, D. C., where he has been 
engaged in metallurgical research, princi 
pally on the weldability of iron alloys. 

Previous to his appointment tothe Naval 
Research Laboratory he served as electro 
metallurgist for the Research Corpora 
tion, research metallurgist with the Cru 
cible Steel Company and physical metal 
lurgist with the American Smelting and 


Refining Company. He has also served on 
the abstract staffs of Metals and Alloys, 
Journal of the American Ceramic Society 
and Chemical Abstracts. 

Mr. Bruckner is a member of the 
American Institute of Mining and Metal 
lurgical Engineers, the American Society 
for Metals, the American Electrochemical 
Society and the AMERICAN WELDING 
SOCIETY 


City Pattern Works to Build New 
Factory 

This Company is now making drawings 
for the first unit on property recently 
purchased facing on Oakland Avenue, 
Detroit, and embracing the block between 
Manchester and Victor Avenues. The 
first unit will be a non-ferrous foundry 
building. This Company specializes in 
castings for electric welding machines, 
as well as, other electrical devices. They 
also make mallory castings, beryllium 
copper, everdur castings and other non 
ferrous alloys. 


New WGY Studio Ready About 
May 1, 1938 
With the welded structural work prac- 
tically completed, the new home of WGY, 





General Electric’s pioneer broadcasting 
station at Schenectady, is expected to 
ready for occupancy around the first 
May. 

The steel structure of the new WG\ 
studio was completely assembled 
means of arc welding. This view show 
details of the method used to join cr 
members to girders. Holes in beams 
for tie-rods 


y 


SECTION ACTIVITIES 


BIRMINGHAM 


The January meeting of the Birming 
ham Section was held on the 18th in the 
Auditorium of the Alabama Power Build- 
ing. A film on “Hard Surfacing—A Key 
to Modern Industrial Efficiency” was 
shown, which was followed by an illus 
trated talk, with slides, by Mr. H. C. 
Boardman, Research Engineer, Chicago 
Bridge & Iron Company, on “Large 
Spherical, Spheroidal and Cylindrical 
Tanks of Welded Construction.” 


BOSTON 


About 115 members and guests at- 
tended the January 2lst meeting of the 
Section, to hear two interesting papers 
Mr. Rufus Briggs, Research Engineer of 
the Thomson Gibb Electric Welding Com- 
pany, gave an illustrated talk on ‘‘Resis- 
tance Welding’’—including in his discus- 
sion some of the fundamentals of resis- 
tance welding, and some of the outstanding 
achievements associated with new tube 
controls. 

The second speaker—Mr. Edward 
Brady, of Joseph T. Rogerson & Com- 
pany, drew on his experience with the 
welding of various alloys of chrome, nickel 
and molybdenum to discuss under the 
title of ‘Stainless Steel Welding,’”’ the 
technique and procedure control necessary 
to make dependable welded joints. 

The next meeting of the Boston Section 
will be held on Feb. 25th. The speakers 
of the evening will be Mr. Milton Male 
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of the U. S. Steel Corp. and Mr. W. L 
Warner of the War Dept., Watertown 
Arsenal. The first three meetings of the 
season have been well attended with an 
attendance of 125-150. 


CHICAGO 


The regular monthly meeting of the 
Chicago Section was held on February 
18th in the Skytop Room. Dinner pre- 
ceded the meeting. Mr. Charles H. 
Jennings, Research Engineer of the West- 
inghouse Electric & Manufacturing Co., 
who has just returned from a trip abroad, 
spoke on ‘“‘European Welding Practice.” 


CLEVELAND 


On February 9th the Cleveland Section 
held its first Dinner Meeting of the year 
which was attended by 106 at the dinner 
at 6:15 and over 150 at the meeting at 
8:00 o’clock. Mr. Eric Seabloom of The 
Crane Company, Chicago, gave an illus- 
trated lecture on ‘‘Welding in the Piping 
Industry.”” The meeting was highly in- 
structive and the question period follow 
ing the paper was the finest of the year. 

During the past thirty days the mem- 
bership of the Cleveland Section has in- 
creased their total membership as of 
December 31st by more than 25%. Many 
new members were brought in through the 
lecture course, “Fundamentals of Metal- 
lurgy’’ given under the direction of Mr. 
H. B. Pulsifer, metallurgist of The Ameri- 
can Steel and Wire Company of Cleve- 
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land. These lectures are held Wednesday 
evenings of each week except the regular 
meeting night. At the present time the: 
is a registered attendance of 110 peopl 


CONNECTICUT 


The spring activities of the Connecticut 
Section were mapped out at an Executiv 
Committee meeting called by Mr. E. R 
Fish at Hotel Bond in Hartford, on Janu 
ary 6th. Regular meetings of the Section 
are to be held monthly—the initial one 
take place February Ist. The Sectior 
was honored in that the National Presi 
dent, Mr. P. G. Lang, Jr., inaugurated the 
activities of the new Section by being th¢ 
speaker at its first meeting at Hammond 
Laboratory, Yale University on Feb. | 
Mr. Lang gave an interesting talk on th 
development of specifications for the Cor 
struction and Repair of Highway and 
Railroad Bridges. 


DETROIT 


The technique and theory of selectiv: 
hardening of machine parts with the Oxy 
acetylene flame was discussed at the Janu 
ary meeting of the Detroit Section by 
H. John Sheppard, Metallurgist at Kelsey 
Hayes Wheel Co. More than 250 mer 
bers and guests met at the Detroit-Lelat 
Hotel to hear Mr. Sheppard’s paper and 
see the slides and moving pictures whi 
illustrated it. The practices common 1 
case hardening were described by M: 
Sheppard and the extreme difficulty 
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tive case hardening of definite areas 
such as the contact of gear teeth was 
pointed out. Furnace hardened parts, 
Mr. Sheppard said, are commonly used as 
tools or inserts in machines but consider- 
able difficulty is experienced in preventing 
distortion in large or complicated shapes 
and in the furnace hardening process the 
hardness cannot be confined to the bearing 
surface of the part but extends into the 
body of the material causing an apprecia- 

ductility and resistance to 


seit 


ble loss in 
shock 

Concluding his paper Mr. Sheppard 
asserted ‘‘Flame hardening provides a 
highly adaptable process as to the size, 
shape and composition of the metal part 
to be heat treated. The process also is 
extremely portable and low in first cost 
because the equipment required is com 
paratively simple and light in weight 
The tool can be and often is brought to 
the work. It is quite a contrast with the 
heavy steel and brick work required for a 
modern furnace. Flame hardening carries 
less risk of hardening cracks or checking 
because only a thin layer of the metal is 
briefly heated above the critical tempera 
ture Distortion, therefore, is reduced 
and the working surface of the part is left 
ee from scale and decarburization.”’ 





fr 
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INDIANAPOLIS 


A large turnout at which all the engi 
neering societies of Indianapolis 
represented took place at the January 
26th meeting of the Indianapolis Section 
at the Indianapolis Athletic Club. Mo 
ion pictures on ‘“‘Modern Steel Factory 
Design and Construction’’ were shown, 
which was followed by an address by Mr 
Albert S. Low, Vice-President and Chief 
Engineer of The Austin Company, who 
spoke on ‘‘Welded Construction of Some 
Recent Industrial Buildings.” 


were 


KANSAS CITY 


Mr. E. W. P. Smith, The Lincoln Elec 
tric Company, addressed the February 
22nd meeting of the Kansas City Section 
on the subject “Structural Steel Con 
struction by the Electric Arc.” Mr 
Smith’s address was instructive and inter- 
esting and was illustrated by slides. An 
informal discussion followed. 


LOS ANGELES 


The regular meeting of the Los Angeles 
Section was held Thursday evening, Janu 
ary 20th at the Central Manufacturing 
District club rooms. There were 61 
members and guests present for the dinner 
and approximately 90 for the meeting 


The following officers were elected: 

Chairman—P. D. McElfish, Materials 
Engineer, Standard Oil Co. of Calif. 

Vice-Chairman—C. P. Sander, Supt., 
Western Pipe & Steel 

Secretary—J. C. Gowing, The J. C 
Gowing Co. 


Executive Committee 


C. M. Allen, Jr., L. A 
and Light 


Bureau of Power 
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Lloyd Earl, Supt., Consolidated Steel 
Corp 

C. W. Roberts, Supt., 
Engineering Corp. 

Guy Morrill, Megr., 
Supply Co 

H. L. Newby, Supt., 
Steel Corp 

Wayne A 
Inspection 


Southwestern 
Midwest Pipe & 


American Pipe & 


Past-Chairman 
General Pe 


Howard, 
Supervisor, 
* troleum Corp 


Mr. C. E. McGinnis, General Manager 
Board of Mechanical Engineers of the 
City of Los Angeles, was unable to be pres 
ent, and Turner P. Smith spoke for him 
on the matter of regulatory welding codes 
He was followed by a very interesting and 
educational “How Metal 
Fail,” by Professor Howard Clapp, Pro 

of Mechanical Engineering, Cali 
fornia Institute of Technology. 

J. P. Purcell presented an interesting 
talking picture of the San Francisco Bay 
sridge. 


discourse on 


lessor 


The February meeting was held on the 
17th in the Central Manufacturing Di 
trict Club Rooms. Dr. Beno Gutenburg 
Professor of Geophysics and Meterology, 
California Institute of Technology, spok« 
on “Geophysical Determination of Oil 
and Mineral ’ which was fol 
lowed by an open forum which was pat 
ticipated in by all those present 


I de posit s’ 


MILWAUKEE 


A technical meeting was held on Febru 
ary 9th in the City Club of Milwauke« 
Mr. F. G. Flocke, Welding Engineer, De 
velopment and Research Division, Inter 
national Nickel Co., presented an interest 
ing address on “The Welding of Monel 
Inconel, Nickel and Nickel-Clad Steel, 
which was illustrated. 
followed. 


A lively discussion 


MONTANA 


At the January meeting motion pictures 
of Acetylene Welding of Structural Steel 
were shown as well as Acetylene Welding 
of Industrial Piping, both through th 
courtesy of The Linde Air Products Co 
After the motion pictures a demonstration 
of Representative Stresses by the Use of 
Polarized Light was made by Mr. R. I 
Spaulding and Mr. T. B. Jefferson. 

At the February meeting a paper, a 
companied by slides, was read by Mr 
Henry Rumfelt. The title of the paper 
was “‘The Effect of Alloying Elements in 
Welding Rods.” This paper was fur 
nished through the courtesy of The Lind 
Air Products Co., and was very favorably 
received. 


NEW YORK 


The regular meeting of the New York 
Section was held on February 8th. Mr 
Albert S. Low, Vice-President and Chief 
Engineer of the Austin Company, gave a 
very interesting talk on Welded Con 
struction of Some Recent Industrial Build 
ings, a particularly pertinent subject in 
view of the recent allowance of structural 
steel welding in the New York 
City Building Code 


revised 
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The New York Section Lecture Course, 
operating in conjunction with the Brook- 
lyn Polytechnic Institute, is now in its 
second successful year Average attend 
ance has been about 300, of which 173 ar« 
lectures have 


included The Welding Processes and Sym 


new subscribers Recent 


bols, by Leon C. Bibber, Welding Engi 
neer, Carnegie-Illinois Steel Co., Metal 
lography of Welds, by Prof. O. H. Henry, 
Polytechnic Institute of Brooklyn; Som« 
Problems in Ship Building, by 
J. L. Wilson, American Bureau of Shipping 
and Designing Machinery for Welding, by 


Design 


Everett Chapman President, Lukenweld 
In 
NORTHWEST 

The January meeting of the Northwest 


section was held on the 27th at the Min 


nesota Union, University of Minnesota, 
at which W. B. Keelor, Ingersoll Steel & 
Disc Division, Borg-Warner Corporation 
Illinois, spoke on ‘Welding of 


Stainless and Staink Clad Steel 


Chi ago, 
A sound movie showing the construc 
tion of ““The San Francisco—Oakland Bay 


produced by the United States 


Bridge 
Steel Corporation, was shown 

There was a large attendance Mr 
Keelor 


which proved ver 


made an exceptionally fine talk 
y enlightening 

The February meeting was held on the 
l7th, also at the Minnesota Union, Uni 
versity of Minnesota W. B. Browning, 


Service Engineer, The Linde Air Products 


Company, Chicago, discussed Recent 
Development in the Use of Oxygen and 
the Oxyacetylene Proc« " Mr. Brown 
ing covered the use of oxygen, oxyacetyl- 
ene and carbide in many applications 


also welding and cutting, as well as flame 


hardening and flam« 
The Ford Rouge 


movie produced by t he 


Plant,”’ a sound 
Ford Motor Lom 


pany was shown and proved most interest 
ing 

The Northwest Section is growing in 
membership, and much interest is shown 
by the mem! activitic 


OKLAHOMA CITY 


If the first six weeks of 1938 is any 


City Section emainder of the year, 


criterion of the activities of the Oklahoma 
‘ 
‘ 


hould 


value to the District in which it 


then the Oklahoma City Section 


prove it 
operate 
In addition 


regular January 


meeting which has previously been re 
ported, various committee meetings were 
held and also a special meeting of the 
membership and friend 

The special meeting was held January 
2Zlst with an attendance of 40 at which 
time Mr. H. C. Boardman, Director of 
Research for the (¢ ago Bridge and Iron 
Company delivered an address on thi 
subject of ‘“‘Large Field Erected Tanks 
of Welded Construction.” 

Mr. Boardman’s talk covered the fieid 
erection of large diameter ga toragé 


tanks, oil storage tanks and water storag: 


tanks, and< tanksof the conventional 


design of tank having a flat bottom, 


ylindrical shell and ne deck or roof 
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tanks of very intricate, unusual and inter- 
esting design, some of which were elevated 
on structural steel supports. The talk 
was illustrated by numerous slides showing 
details of construction, tanks in process of 
erection and completed tanks. 

The regular monthly meeting for Febru- 
ary was held on Tuesday, the first day of 
the month and was another enjoyable 
dinner meeting. 

About 30 members and guests met at 
6:30 for dinner and a slight deviation from 
the seriousness of the problems of welding 
was provided by a short talk on ‘‘Peculi 
arities in Patents” presented by Ralph L. 
Feagles, a Patent Research Engineer of 
Oklahoma City. 

Mr. Feagles gave a humorous talk on 
some of the oddities encountered by him 
in his research work among patents and 
patent applications. 

Mr. F. C. Hutchinson, Manager of 
Process Service with The Linde Air Prod- 
ucts Company, Kansas City, Missouri, 
gave an address on “The Province of the 
Oxyacetylene Process in the Fabrication 
of Built-Up Section.’”’ The address was 
very interesting and beneficial and was 
accompanied by slides illustrating many 
of the interesting points. 

The address was preceded by a motion 
picture furnished by The Linde Air Prod- 
ucts Company, the subject of which was, 
“Shape Cutting Equipment in Operation.”’ 

At this meeting three new members 
were introduced thus indicating the con- 
tinued activity toward securing new 
members, and a membership of 50 will 
soon be announced. 


PITTSBURGH 


The largest attendance so far this year 
over 300 members and guests—heard Mr. 
Geo. F. Wolfe, Chairman of the Welding 
Committee, for the Dravo Corporation, 
Pittsburgh present his talk on the “As- 
sembly Plant for the Welding of Barges’’ 
in the Blue Room of the Roosevelt Hotel, 
Wednesday night, February 16th. 

Mr. Wolfe reviewed the transition of 
barge manufacture from the old style 
method of riveted construction and out- 
side assembly, to welded construction and 
inside assembly-line production methods. 

He agreeably surprised the large per- 
centage of competitors in attendance by 
distributing a Plan View and Elevation of 
the Dravo Corporation Barge Assembly 
Plant and Launching Ways, and then 
proceeded to give a very complete expla- 
nation of the operation as practiced in his 
shop. By the use of slides, he brought 
out in considerable detail the step by step 
method of pre-assembly up to and includ- 
ing the movement of finished barges on 
transfer buggies out to the launching- 
ways. 

Following his talk Mr. Wolfe was kept 
busy for over an hour answering many 
pertinent questions regarding details of 
operating his assembly-line production 
shop. 

Due to the absence of Chairman L. C 
Bibber, Past-Chairman E. J. W. Eggers 
officiated and kept the meeting going in 
his old accustomed manner. 

Following the open discussion refresh- 
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ments—beer and pretzels and coffee and 
do-nuts—were served and the meeting was 
voted a great success by all. 

The March meeting will be held on the 
16th. Mr. Everett Chapman, President, 
Lukenweld, Inc., will speak on ‘‘Welded 
Steel Construction with special reference 
to Stresses, Design, Metallurgy and Heat 
Treatment.” 


ROCHESTER 


The following are the Officers of the 
Rochester Section: 


Chairman—T. S$. Gaylor, Eastman 
Kodak Company 

Vice-Chairman—Edwin Allan, Allan 
Iron & Welding Works 

Secretary-Treas.—Paul W. James, The 
Lincoln Electric Co. 

Representative on Board of Directors 
A. R. Eckberg, Eastman Kodak Co. 


The March meeting on Monday, the 
14th will be a joint meeting with the 
Rochester Chapter of the American So- 
ciety of Metals and will be held at the 
University of Rochester. Mr. C. C. 
Brinton, Asst. Mgr. of the Generator 
Division of the Westinghouse Electric & 
Manufacturing Co., will talk on ‘‘The 
Economics of Welding Large Structures.”’ 


ST. LOUIS 


The St. Louis Section held its February 
meeting on the llth in the Engineers’ 
Club Auditorium. Dr. V. N. Krivobok, 
Associate Director of Research, Allegheny 
Steel Co., presented an address on “‘Stain- 
less Steels and Their Welding Character- 
istics.” Dr. Kribobok explained what 
precautions must be observed using the 
steels in welding constructions, in order 
that the metallurgical characteristics of 
these valuable alloys would not be detri 
mentally affected. He also gave certain 
data regarding the behavior of the welded 
structures under various conditions of 
corrosive media 


SAN FRANCISCO 


The regular monthly meeting of the 
San Francisco Section was held on Febru- 
ary 18th at the Athens Athletic Club, Oak- 
land. Mr. M. S. Clark, President of the 
Federal Machine and Welder Company, 
spoke on ‘‘Latest Developments in Re- 
sistance Welding.’’ Mr. Clark is an out- 
standing authority on Resistance Welding 
and therefore was able to present informa- 
tion of much interest to all. 


SOUTH TEXAS 


The February meeting of the South 
Texas Section was held on the 18th in the 
Ben Milam Hotel, Houston. An illus- 
trated lecture on “Flame Hardening by 
the Oxyacetylene Process’’ was given by 
Mr. F. C. Hutchinson, Divisional Manager 
of Process Service of The Linde Air Prod- 
ucts Company 

The Houston Engineering Society ex- 
tended an invitation to members of the 
South Texas Section to attend a luncheon 
in conjunction with a meeting of the 
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Houston Engineering Society held at 
Rice Hotel on February Ist. Mr. ( 
Denney of the Big Three Weldin 
Equipment Company, gave an illust; 
talk on the electric welding involved j; 
all-welded office building 


YOUNGSTOWN 


A joint meeting with the Amer 
Society for Metals was held in the « 
Edison Building on Monday, Febr: 
14th. Prof. Gilbert E. Doan of Lehigh 
University was the speaker of the evening 
His subject was ‘Metallurgy of New 


. 


Welding Processes 


PROPOSED TULSA SECTION 


The second formulative meeting of th: 
proposed Tulsa Section will be held at th: 
Tulsa Chamber of Commerce dining 
rooms, on the 24th of February at 7:30 
P.M. Besides dinner, the program will 
consist of a subject of vital importanc: 
the Welding Industry at this time ‘‘The 
Welding of Structural Steel by the Electric 
Arc”’ accompanied by slides, and the sub 
ject will be discussed by Mr. E. W. P 
Smith of the Lincoln Electric Company 
Mr. Smith is an authority on this and 
other subjects pertaining to welding and 
has whole-heartedly agreed to be on hand 
at this meeting. 


PROPOSED WICHITA SECTION 


The first meeting of the Wichita Secti 
will be held at the Kansas Gas & Electri 
Co. Service Building, on Wednesday 
evening, February 23rd. The speaker 
the evening will be Mr. E. W. P. Smith 
E.E., Consulting Engineer for The Lincol: 
Electric Company, whose subject will b 
“Structural Steel Construction by Ele 
tric Arc.”’ Late pictures will be shown 

Aside from the speaker’s subject ther 
will be a general discussion as to the forma 
tion and organization of the Wichita 
Section of AMERICAN WELDING SOCIETY 


EMPLOYMENT 
SERVICE BULLETIN 


SERVICES AVAILABLE 


A-253. Electric Welder desires po 
tion. 


A-254. Welder’s helper desires po 
tion. Formerly with L. O. Kovei 
Brothers. 

A-255. Electric Welder desires po 
tion. 

A-256. Experienced welder desi 
position. Experience covers welding 
steels, alloys, aluminum, spotting copp* 
to steel. Have worked on light and heav) 
materials, also, experienced in instructing 
group of apprentices in arc welding 
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HE ENGINEERING FOUNDATION 


WELDING RESEARCH COMMITTEE 


Sponsored by the American Welding Society and American Institute of Electrical Engineers 











Supplement to the Journal of the American Welding Society, March 1938 
TABLE OF CONTENTS and small contributions in cash to swell 
RESEARCH SUPPLEMENT the total to $40,000 would be welcomed 
by the Committee For further infor 
Page mation please addres Secretary W 
Tr me , 1 »praragen, Welding Research Committee, 
Fatigue Kesearc Pe ec.s 1 29 West 201 sweet, Ne e 
Resistance Welding Committee... ... 1 a amt wew Sork 
Efect of Carbon and Manganese on the Weldabili ty of Steel 1 
Welding Featured at A. W.S. Annual Meeting 1 , : f 
German Fatigue Tests on Welds, by Otto Graf. . 2 Resistance Welding Committee 
The Nature of Metal Transfer in the Welding Arc, by Alfred Von Engel 9 Resistance welding is one of the oldest 
Resistance Brazing of the End Rings of Squirrel Cage Rotors, ed J. H. Lotter 10 ail tee ehtd p- of - ldine 
he Fatigue Strength of Rolled Beams, by Dr. Bishler 11 ; ot idely used of the welding 
Carmien... . «+ascoscess 13 processes Nevertheles the amount of 
Developments in Welding at Rensselaer Polytechnic Institute 14 really scientific quantitative data generally 
Laminated a for Non-Destructive Testing, by W. B. Kouwenhoven and available are extremely limited. Funda 
A. E ivel 19 mental information of a quantitative 
he Behavior of Welded and Bolted Beam Column Connections in Static an nature is especially rar« 
Fatigue Bending, by F. Korber and Max Hempel 93 A start to overcome this lack of in 
The Relief of Residual Strains and Stresses in ae gr” Welded Mild Steel Plates, formation was made by the Basinecrine 
: ‘ ) < lad ! g x 
by H. E. Lance Martin, B.Sc., Assoc. M. Inst. C. E 31 ecmndind prNeaenaner ge Welding R 
Cooperation with British Welding Research Committee 32 eee ee a 
New Subcommittee Appointed 39 search Committee in arranging for a 
Stresses and/or Distortions in Welds ; 39 full-time research fellowship at Rens 
undamental Research Conference 392 selaer Polytechni Institute A des rip 
Symposium on Impact Testing 32 tion of the R. P. I. Laboratory and the 
AS. T. M. Index 32 proposed program of research are given 
elsewhere in this Supplement. Careful 
Translations $10,000 to $20,000 additional will be scrutiny and comme nt ire invited 


needed for the next three years to complet: 
the work outlined by the Fatigue Testing 
Committee of the Industrial Research 
Division under the chairmanship of 
Jonathan Jones 

The Fatigue Testing Committee held 
its first meeting on February 14th in 
Washington. The first year’s work will 


A very limited number of copies are 
available for loan of a translation entitled 
Strength Under Tri-Axial Systems of 
Stress by Dr. W. Kuntze, published in 
Stahlbau, 10, No. 23, pages 177-181, 
November 5, 1937. The article shows the 
relation of Poisson’s ratio to plastic be 
havior and deals with recent develop- 
ments in the theory of strength. 

Copies of the following translation are 
available 

Investigation of the Voltage Distribu- 
tion in the Welding Arc, by H. von Con- 
rady, published in Elektroschweissung, 8, 
pp. 101-106, 125-127 (1937). (Probe 
measurements show that the voltage drop 
on the cathode of a high-current arc be- 
tween iron, copper, or aluminum elec- 
trodes is higher than on the anode.) 


be devoted to securing fundamental unit 
design data on various sizes of butt, 
side fillets, end fillets and combinations 
of the latter two met in structural and 
bridge work. The importance of rest 
periods will also be ascertained 

The second year’s program, although 
not formally approved, contemplates the 
testing of butt and fillet welds in simple 
structures. Depending upon funds avail 
able, tests will be made on corrosion 
fatigue, full size structures, and work now 
under way at other universities will also 


Fati be continued. The first year’s program 
atigue Research will be confined to A. S. T. M. Spec.A-7 
It is with a great deal of pleasure and steel with a limitation on carbon of 0.25% 

satisfaction that the Welding Research and on manganese of 1.00%), by check 
Committee reports that a comprehensive analysis. The welds will be made by the 
program of investigation on the fatigue manual metallic arc process. Specimens 
Strength of large-size welded joints is will be X-rayed, and some will be stress 
now actively under way at the University relieved Parallel metallurgical investiga 

of Illinois. This work has been made tions will also be carried out 

possible by contributions of $20,000 in We have a vast amount of data availablk 
cash, in addition to a substantial contri on fatigue strength of small size specimens 
bution from the University itself in the There are also available European data 
form of supervisory services, power and on large specimens and on simple struc 

use of laboratory equipment. The large- tures. Corresponding data are needed 
size specimens needed for the first year’s under American conditions and for the 
work have been pledged. These speci materials available in this country. This 
mens in themselves represent a contri- program merits the cooperation and sup 
bution of several thousand dollars. Some port of the entire welding industry. Larg: 





Effect of Carbon and Manganese on 
the Weldability of Steel 

In the January Research Supplement 
there was given a proposed program of 
research on the subject above A fore 
word by Colonel G. F. Jenks, Chairman 
of the Industrial Research Division in 
vited comments and _ criticism rhe 
comments received, although few, have 


been good and especially helpful How 
ever, it is necessary to obtain broader 
interest and comment on the part of the 
welding industry This program will 
involve a considerable sum of money to 


prepare the twenty heats of steel called 


for in this investigation. Critical analysi 
of the usefulness of the proposed range 
is invited All comment hould be 
received in the office of the Welding 
Research Committee, 2 West 39th 
Street, New York preferably not later 


than March 


Welding Featured at A. W.S. Annual 


Meeting 
[The National Program Committee of 
the AMERICAN WELDING Society has 
set aside a day and one-half for reports 
and papers of the Fundamental and the 


Industrial Research Divisions On Mon 
day afternoon, October 17th, a series of 
of researches 


papers dealing with 1 
made by industrial firms in cooperation 
with the Industrial Research Division 


(Continued on page 


GERMAN FATIGUE TESTS ON WELDS 





By OTTO GRAF! 


Experiments on the Effects of Shape of the Ends of Welded 
Reinforcing Plates in Tension Members and of Welded 
Flange Stitfening Plates on Girders 


Published as Report of the German Structural Steel Committee, Series B, No. 8, 16 pages, 1937 
(Julius Springer Publishing Co., Berlin). 


Original title is: Versuche uber den Einfluss der Gestalt der Enden von aufgeschweissten Laschen 
in Zuggliedern und von aufgeschweissten Gurtverstarkungern an Tragern. 


(Translation by G. E. Claussen, Research Assistant) 


INTRODUCTION 


ISCUSSION of the German Code for Welded 
D Plate Girder Railway Bridges in August 1935 

revealed that there were wide differences in 
opinion respecting the best shape for the ends of re- 
inforcing plates and flange stiffening plates. Conse- 
quently, pulsating tension fatigue tests were made 
first on mild steel bars reinforced by straps on both sides. 
The straps were designed according to a number of differ- 
ent suggestions. Finally, tensile and bend fatigue tests 
were made on specimens with reinforcing straps designed 
and machined according to the preceding tests at the 
Materials Testing Institute of the Technical College 
in Stuttgart, Germany. 

The tests reported herein show which of the sug- 
gested designs is best and in which directions future 
effort should be expended.' Nevertheless, before nu- 
merical design values can be proposed additional tests 
must be made.? The results given in the present re- 
port will serve as a guide for these future tests. 


t Professor, Technical College of Stuttgart, Germany. 
1 The tests were carried out by Mr. Munzinger 
* The Structural Steel Committee have agreed to continue the tests 
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Figs. 3 and 4—Speci- 
mens of Group I, 
Series B, C and D. 
Dimensions in Milli- 
meters 


380 


























580 


ee ie 


Figs. 1 and 2—Specimens 
of Group |, Series A. Di- 
mensions in Millimeters 
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Figs. 5 and 6—Speci- 
mens of Group II, Series 
E, Dimensions in Milli- 


Figs. 7 and 8—Specimens of Group II, Series E 

Showing Junction Between Tension Member and 

Reinforcing Strap. Dimensions in Millimeters 
meters a = throat of weld 

a = throat of weld r = radius to which end fillet is machined 


A. PLAN OF RESEARCH AND DESIGN OF SPECIMENS 


The tests are arranged in six groups in chronological 
order. 


Group I 


Series A toD. Specimens were provided by Dr. Dé 
nen of Derne, Germany. 


1. Series A. The specimens are shown in Figs 
and 2. The tension members were 5.50 inches wid 
0.79 inch thick. The reinforcing straps were 13.4 
inches long, 0.39 inch thick, 3.54 inches wide in the 
middle section, tapering to 0.59 inch at the ends. 
straps were side fillet welded (throat = 0.20 inch) to 
the tension member by means of covered Kjellberg 
electrodes (ST37A, 0.16 inch diameter, mild steel mini 
mum tensile strength 53,000 psi, 130 amperes). 

2. Series B; Figs. 3 and 4. The specimens had t! 
same dimensions as Series A but the straps were beveled 
by grinding to meet the plate at the ends. 

3. Series C; Figs. 3 and 4. The dimensions were 
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Figs. 10 to 12—Specimens of Group Il, Series G. Dimensions in Millimeters 
= st of weld. Throat of end fillet weld is 6 mm. for Series L; 7 mm. for Series G 
f side fillet weld is 5.5 to 7 mm. for Series L; 7.5 mm. for Series G 


the same as Series B and the ends were beveled in the 
same way. In addition, the ends of the straps were 
annealed with a gas flame after welding, then hammered 
and reground. 

Series D; Figs. 3 and 4. The dimensions were 
the same as Series B and C. The welds were made 
from the middle toward the beveled ends of the straps 
as in Series A to C. The beveled ends were welded with 
a gas flame and reground. 


Group II 

Series E; Figs. 5 and 6. The ends of the straps 
were semicircular. The welding was done, as in Series 
A to C, with covered Kjellberg mild steel electrodes, 
ST37A, 130 amperes. The junction between tension 
member and straps was rounded by grinding at the 
Materials Testing Institute, as shown in Figs. 7 and 8. 
Notches were eliminated in this way.' The specimens 
were supplied in the welded condition by Dr. Dérnen. 


Group III 


This group comprises Series F to L. Series F to J 
were supplied by Dr. Dérnen. The plates and straps 
for Series K and L also were provided by Dr. Dérnen. 
[he welding of Series K and L was performed under the 
supervision of Dr. Holler at the Gas Welding Plant of 
I. G. Farbenindustrie at Griesheim, Germany. 

6. Series F; Figs. 1 and 2. The dimensions were the 
same as in Series A. The straps were welded in two 
layers with heavy covered Kjellberg electrodes (S744B, 
plain carbon structural steel, minimum tensile strength 
63,000 psi, 200 to 220 amperes, 0.16 and 0.20 inch diame- 
ter). The specimens differed from Series A in that the 
straps were end fillet welded, as well. The ends of the 
straps were carefully rounded by means of a rotary file 


Porosity revealed by grinding was not machined out 
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Figs. 15 to 17—Fillet Welds in Specimens of 
Group Ill, Series M. Dimensions in Millimeters 

Throat of side fillet weld = 9.5 mm.,; throat of 
end fillet weld = 11 mm 

Radius of side fillet weld = 30 mm.; radius of 
end fillet weld = 30 to 50 mm 

Distance from end of strap to end of end fillet 
weld = about 30 mm 


Figs. 13 and 14— 
Specimens of Group 
ill, Series M. Dimen- 
sions in Millimeters 
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to merge gradually with the tension member, as shown 
in Fig. 26. 

7. Series G; Figs. 10 to 12. The dimensions of the 
tension member as well as the width and thickness of 
the straps were the same as in Series A to k. However, 
the straps were rectangular and were welded on all sides 
with Kjellberg heavy covered structural steel electrodes 
(ST44B, plain carbon steel, minimum tensile strength 
63,000 psi, 200 to 220 amperes, two layers, 0.16 and 0.20 
inch diameter). 

8. Series /7; Figs. 10 to 12 he specimens were 
the same as Series G, except that the ends of straps and 
the end fillet welds were machined at an angle of 25 
to the surface of the tension member The junction 
between weld and tension member was carefully rounded 
by means of a rotary file, as shown in Fig. 26 

9. Series J; Figs. 10 to 12 Che dimensions and 
method of preparation were the same as in Series G and 
H. The junction between weld and tension member 
at the ends of the straps was carefully rounded. The 
edges of the straps. were rounded a little, but the large 
scale machining of the weld, as in Series //, was not 
carried out. 

10. Series A; Figs. 10 to 12. The joints were gas 
welded using welding rods of Grade GV3 (high quality 
rod) by I. G. Farbenindustrie A.-G., Frankfort- 
Griesheim, Germany. The end fillet weld was ma- 
chined at an angle of 25”. 

ll. Series L; Fig. 10 to 12. These specimens were 
gas welded as in Series AK. The fillet welds at the ends 
of the straps were ground, and the junction between 
weld and tension member was rounded by means of a 
rotary file. 

The preceding tests showed that it was necessary to 
provide additional specimens with thicker straps in 
order to bring into greater prominence the effect of the 
junction between weld and ten%ion member. 





Fig. 18—Specimen of Series M Showing Small Unground Spots 


Group IV 


The specimens were supplied by Dr. Dérnen. 

12. Series M; Figs. 13 to 17. As in the preceding 
specimens the tension member was 5.50 inches wide, 0.79 
inch thick. The straps were 3.86 inches wide, 0.99 inch 
thick. The fillet welds were made with heavy covered 
Kjellberg S744B electrodes. The side fillets were welded 
in three layers; the end fillets in 4 layers he first 
layer was deposited with electrodes 0.16 inch diameter, 
200 amperes. The remaining layers were deposited 
with electrodes 0.20 inch diameter, 220 amperes. The 
end fillets were made particularly thick and were later 
ground. Thus small unground spots remained at the 
junction between weld and tension member, as shown in 
Fig. 18. 





13. Series NV; Figs. 13 to 17. 
the same as Series V. 
at Derne, a rotary file was used to round the junction 
between weld and tension member. 


These specimens were 
Instead of the welds being ground 


14. Series O; Figs. 13 to 16 and Fig. 19. The ends 
of the straps were inclined 60° to the axis of the bar 
as shown in Fig. 19. The welds were made in the same 
way asin Series Mand N. The radius to which the weld 
was rounded in joining the tension member was much 
larger than in the preceding specimens, namely r = 
3.94 inches. The grinding marks were transverse to the 
direction of tension. 

15. Series P; Figs. 13 to 16 and Fig. 19. The 
specimens were the same as Series O except that a rotary 
file was used to round the junction between the end 
fillet and the tension member. The radius of curvature 
was 2.75 inches, somewhat smaller than in Series O. 
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Fig. 19—Cross Section of End Fillet in Specimens of Group IV, Series 0 


Throat of end fillet weld = 11 mm.; dimensions in millimeters 


Group V 


The specimens were supplied by Maschinenfabrik 
Esslingen, in Esslingen, Germany. 

16. Series Q; Figs. 20 to 23. As in Series A to L 
the straps were 0.39 inch thick. The fillet welds made 
gradual juncture with the tension member, as shown in 
Figs. 22 and 23. Welds were made in 3 to 5 layers with 
heavy covered Siemens electrodes, grade 162, 0.16 inch 
(180 amperes) and 0.20 inch diameter (220 amperes). 
The end fillets were ground to an angle of 25° to the 
surface of the tension member after which the rotary 
file was used to round the junction between weld and 
tension member. 

17. Series R; Figs. 13, 14 and 25. 
0.99 inch thick. Fig. 25 shows the method of prepara- 
tion. Welding and grinding was the same as in Series Q, 
but 5 to 7 layers were deposited. The machined weld 
is shown in Fig. 26 (not reproduced; shows that the weld 
is first ground to an angle of 25° to the surface of the 
tension member. Then junction between weld and 
tension member is rounded by means of a rotary file.) 


The straps were 
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Figs. 20 and 21—Speci- 
mens of Group V, Series 
Q. Dimensions in Milli- 


Figs. 22 and 23—Details 
of fillets in Series Q. 
Dimensions in Millimeters 

meters ao = throat of end fillet 
ao = throat of end fillet weld = 7.5 mm., throat 
weld = 7.5 mm.; throat of side fillet weld = 6.5 
of side fillet weld = 6.5 mm 

mm 


Fig. 25—Detail of Speci- 

mens of Group V, Series 

R. Dimensionsin Milli- 
meters 

o = throat of end and 

side fillet welds = 12 mm. 


4 WELDING RESEARCH SUPPLEMENT 


Group VI 


This group comprises bend fatigue tests with the 
shown in Figs. 27 to 29. The beams were obtained on th, 
open market. Welding was done in Maschinenfabrjj 
Esslingen, at Esslingen, Germany, using Siemen: 
“162” electrodes, mainly 0.20 inch diameter, but parth 
0.16 inch diameter. The side fillets were made in thre, 
layers, the end fillets in six. After each layer was «& 
posited the beam was turned over. The beam was 
arched slightly on account of shrinkage during welding 
The entire beam shrank 0.091 inch average, the lower 
flange shrank 0.047 inch. After welding was finished 
the entire beam was sand blasted. 

The dimensions of the welds at the ends of the r 
inforcing straps are shown in Fig. 25. The end fillet 
welds were machined in the same way as in Series (0 
and R. 

The effect of the flange reinforcing strap on the m 
ment diagram is shown in Fig. 30. Line abcd shows the 
distribution of bending moment during test. The points 
1, 1 are most heavily stressed. Between these points 
are the straps which reinforce the beam so that it may 
withstand bending moment up to 2, 2. 


B. METHOD OF TESTING 


The specimens of Groups I to V were tested with a 
small lower tensile stress of 700 to 1000 psi and a super 
imposed pulsating tensile stress. The fatigue limit is 
the stress which will not cause failure upon one millior 
applications. The testing machine operated at 250 
cycles per minute. 

















| J 
‘alii A © , Py pad 
= — = SH. 
| re OL 4 “lp 
le- | ke is rae 
Lt 4 =- a 4 ! ! 
cw a* : = , - fer's 
ant -—s0—4 by ~£- 
- T ~ 1500 - 
pe S00 po 500 ik Secriow 
3200 -! A- 
a ae = . r ! . a 
_ Oe - a J 
- 0K bd - + * ae 


Figs. 27 to 29—Beams with Reinforced Flanges Comprising Group V 
A” = pin support 
B = ground and milled with a rotary file 
Dimensions in millimeters 


The lower stress in the bend fatigue tests was about 
1400 psi. The machine operated at 210 cycles per 
minute. 

Losenhausen pulsators were used. 


C. RESULTS 


The results for groups I to V are given in Tabl 
The hardness tests show that the plates used in Series 4 
A to E were low alloy structural steel (S,52, minimum 
tensile strength 73,000 psi); mild steel (.S,;37, minimum 
tensile strength 53,000 psi) was used in the other series 
The static tensile tests confirm the hardness readings 4 

In the following discussion it is assumed that the 
object of the investigation is to so shape the ends of 
the reinforcing straps that the fatigue strength of the é 
welds at the ends of the strap is equal or nearly equal to 
the fatigue strength of an unmachined butt weld. It 
will be shown that there is no difference or almost no 
difference between the fatigue strength of the reinforced 
tension member and the fatigue strength of an un- 
machined butt-welded bar. 
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Fig. 30—Bending Moment Diagram 
A = length of reinforcing strap 
B = bending moment 
ncrease in bending moment that may be withstood for a 
ower stress of 1400 psi, upper stress of 19,90 


1. Group I, Series A to D 


[he specimens of Series A were made July 27, 1935, 
and had a pulsating tension fatigue strength of 17,800 
psi (range ratio = 0; maximum tension 17,800 psi 
which is unsatisfactory. Fatigue fracture originated at 
the end of a weld, as might have been expected from 
earlier tests.’ 

The specimens of Series B had a pulsating tension 
fatigue strength of 19,200 psi, which is likewise unsatis 
factory. The crack r-r, Fig. 31 (not reproduced; crack 
at end of strap), was the first indication of failure. The 
crack may have existed before the test started, or it may 
have developed in the course of testing. 

Series C did not differ much from Series B. One 
specimen fractured after 794,800 cycles between a lower 
tensile stress of 700 psi and an upper tensile stress of 
22,100 psi. Fracture started at the end of the fillet 
weld on the strap. 

The specimens of Series D were a little stronger than 
Series Band ©. The pulsating tension fatigue strength 


see, for example, Stahlbau, 1933, page 90, Fig. 20a 


Fig. 33—Specimen |. 2 of Series D 





Fig. 34—Specimen 1.1 of Series F. Fracture Fig. 35—Specimen 11A.3 of Series G. Frac- 

Occurred After 392,800 Cycles Between a Lower ture Occurred After 232,900 Cycles Between 

ensile Stress of 700 Psi and an Upper Tensile Stress @ Lower Tensile Stress of 850 Psi and an Upper 
of 26,400 Psi Tensile Stress of 26,200 Psi 
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Fracture Occurred After 650,000 Cycles 
Between a Lower Tensile Stress of 700 Psi and an Upper Tensile Stress of 23,500 Psi 





Fig. 36—Specimen l1A.1 of Series H 

Fracture Occurred After 664,100 Cycles Be- 

tween a Lower Tensile Stress of 700 Psi and 
an Upper Tensile Stress of 26,300 Psi 








Table 1—Results of Pulsating Tension Fatigue Tests. Series A to R. 


Pulsating Tension Fatigue Test 
250 Cycles per Minute 











+ p Calculated 
3 y Tensile 
. a) Speman 3 
Z - wtress in 
& Q Details ae Plate Number 
6 wa of bo (5.5 x 0.79 Range of 
4 A ba Welding 2.5 Inch), psi of Cycles 
oo bo = and 3 0 Lower Upper Stress, to 
A i Q Machining VAN Stress Stress psi Fracture 
A 1 July Arc welded; D.C., Kjellberg electrodes A.1 700 22,000 21,300 636,650 
and yf S737A; 130 amps.; 
2 1935 chined A.3 700 19,400 18,700 964,200 
A.2 700 17,800 17,100 1,193,500 
Sept A.5 700 =19,400 18,700 683,300 
6, 
1935 
B 3 July Arc welded; D.C., Kjellberg electrodes C.1 700 =26,300 25,600 338, 100 
and 37, S737A; 130 amps.; ends of straps 
4,a 1935 tapered and ground 
ss 700 20,600 19,900 997,900 
C.3 700 20,600 19,900 990,700 
os 3 July Arcwelded; D.C., Kjellbergelectrodes D.1 700 26,300 25,600 376,500 
and 27, S737A; 130 amps.; ends of straps D.2 700 22,000 21,300 794,800 
4,b 1935 tapered, annealed, hammered and D.3 700 20,600 19,900 1,036,700 
ground 
Sept. D.5 700 20,600 19,900 883,900 
6, 
1935 
D 3 Sept. Middle part of strap arc welded, D.C., I.1 1,000 25,000 24,000 596,700 
and 30, K jellberg electrodes, 130 amps.; ends I.2 700 23,500 22,800 650,000 
4,c 1935 of straps tapered, welded with gas I.4 700 22,000 21,300 946,700 
flame (0.16-inch rod, Grade G37) 
and ground 
E 5 Sept. Arc welded; D.C., Kjellberg electrodes, II.1 700. 25,600 24,900 468,800 
to 19, S737A; 130 amps.; ends of straps 
8 1935 were semicircular; welds and straps II.2 700 22,000 21,300 691,700 
machined 
F 1 Jan. Arc welded; D.C., Kjellberg electrodes, I.1 700 26,300 25,600 392,800 
and 14, S744B; 200-220 amps.; with end 
2 1936 fillet welds; rotary file wasemployed I.2 700 22,800 22,100 475,800 
to give gradual transition from weld 
to tension member; file was about 
3/, inch diameter 
G 10 Jan. Arc welded; D.C., Kjellberg electrodes, IIA.3 850 26,200 25,350 232,900 
to 14, S744B; 200-220 amps. 
12 1936 
H 10 Jan. Arcwelded; D.C., Kjellberg electrodes, IIA.1 700 26,300 25,600 664,100 
to 14, 5744B; 200 to 220 amps.; rectangu- 
12 1936 lar straps welded on all sides; ma- 
chined to angle of 25°; rotary file 
about */, inch diameter used to se- 
cure gradual transition 
J 10 Jan. Arcwelded; D.C., Kjellberg electrodes, IIA.2 700 26,300 25,600 766,000 
to 14, S744B; 200-220 amps., rectangular 
12 1936 straps welded on all sides; edges of IIA.5 700 24,900 24,200 859,500 
straps slightly rounded; rotary file 
about */, inch diameter was used at 
junction of end fillets and ends of 
side fillets with tension member to 
secure a gradual transition 
6 WELDING RESEARCH SUPPLEMENT 


Fa- 
Character tigue Tensile 
of Limit, Streng 
Fracture psi 
Plate 5.5 x 
0.79 inch 
fractured 78, 
at weld 
17,800 84, 
(14,200 
to 
15,700 ) 
First crack in 19,200 79. 
weld or end 
of strap; 
then plate 
5.5 x 0.79 
inch fractured 
84, 
First crack in 19,900 81, 
weld or end 79,60 
of strap; 
then plate 
5.5 x 0.79 
inch frac- 
tured 
18,500 84,000 
to 
19,200 
First crack in 20,600 
weld or end 79,60 
of strap; 79,600 
then plate 
5.5 x 0.79 
inch frac- 
tured 
First crack in About 
weld; then 18,500 
plate 5.5 x 79, ¢ 
0.79 inch 
fractured 
Fractureinend About 57,000? 
fillet weld 18,500 
and in plate 57,00 
5.5 x 0.79 
inch; prob- 
ably started 
at root of 
end fillet 
Fracture in 57,000 
plate 5.5 x 
0.79 inch at 
beginning of 
end fillet 
weld 
Fracture in About 55,5 
end fillet 21,300 
weld and 
plate 5.5 x 
0.79 inch 
Fractureinend About 57,00 
fillet and 22,800 
plate. Frac- 59,8\ 


ture of plate 
in milled 


groove 





Series 


















Table 1—Continued 


Pulsating Tension Fatigue 
250 Cycles per Minute 


> Calculated 
; . o Tensile 
be = a Stress in 
= a Details i Plate Number 
. we of bo (5.5x0.79 Range of Fa 
' Z, = Welding 2.5 inch), psi of Cycles Character tigue Tensile 
2 w = and = 8 Lower Upper Stress, to of Limit, Strength, 
5 23 Q Machining VAIN Stress Stress psi Fracture Fracture psi psi 
K Jan. Oxyacetylene welded; GV3 rod. End 2B.1 700 26,300 25,600 715,100 Plate 5.5 x 54,000 
Oo 16, fillets and ends of side fillets ground 0.79 inch 
12 1936 to 25° angle with gradual transi- fractured at 
tion beginning of 
end fillet 
weld 
10 Jan. Oxyacetylene welded; GV3 rod; end 2B.2 700 26,300 25,600 775,000 Plate 5.5 x 23,500 55,500 
to 16, fillets and ends of side fillets ground 2B.5 700 24,900 24,200 366,400‘ 0.79 inch 
12 1936 plane; rotary file about */, inch 2B.3 700 24,900 24,200 958,200 fractured 57,000 
diameter was employed to secure Fracture 
gradual transition from fillet welds started in 
to plate milled 
groove at 
end fillet 
weld 
M 13 April Arcwelded; D.C., Kjellberg electrodes, RN.1 700 =25,000 24,300 464,500 Plate 5.5 x 54,000 
to 22, S744B; 200-220 amps.; surface of 0.79 inch 
17 1936 welds carefully ground; radius of fractured 
curvature of end fillet = 1.2 to 2.0 Fracture 
inches; small unmachined spots re- started in 
mained at junction of end fillet weld 1illed 
with plate gt ove at 
junction of 
end fillet 
with plate 
N 138 April Same as Series M, but unmachined RN.2 700 24,900 24,200 1,031,100 Unbroken Greater 54,000 
to 22, spots were removed with a rotary file than or 
17 1936 about */, inch diameter equal to 
24,200 
O 13 April Arc welded; D.C., Kjellberg electrodes, RO.1 700 25,000 24,300 1,825,600 Jension mem- Greater 55,500 
to 22, S744B; 200 to 220 amp.; surface of ber 5 x than 
16 1936 weld carefully ground; radius of 1.79 inch or 
and curvature of end fillet = 4 inches; fractured equal 
19 transverse grinding marks at junc- to 
tion of weld with tension member 24,200 
were not removed 
I 13 April Same as Series O, but radius of curva- RO.2 700 24,900 24,200 1,048,000 Unbroken Greater 
to 22, ture of end fillet was 2.8 to 4.0 inches, than 
16 1936 and junction of end fillet with tension or 
and member was rounded with rotary file equal 
19 3/, inch diameter to 
24,200 
| Q 20 May Arc welded; D.C., Siemens electrodes RP.2 850 24,900 24,050  1,067,80¢ Fracture in Greater 55,500 
to 22, 162; 180 amp.; end fillet ground to end fillet than 
2 1936 angle of 25°; rotary file */, inch and plate or 
diameter used to groove junction of RP.1 700 24,900 24,200 1,774,200 Fracture in equal 
end fillet with plate grip to 
24,200 55,500 
R 13, May Same as Series Q RQ.1 850 24,900 24,050 375,800 Fracture in 18,500 55,500 
14, 22, RQ.2 700 24,900 24,200 925,500 plate 
and 1936 milled 
25 groove 
Fracture in 23,500 54,000* 
plate at and 
nilled 51,200 
groove average 
52,600 
rhe fatigue limit listed in the next to the last column is the pulsating tension fatigue strength (range ratio at one million cycles 
The tensile strength listed in the last column is calculated from the Brinell hardness of the plate, except where noted (see footnotes) 
lhe gas welding rod Grade G37 produces a deposit having a minimum tensile strength of 52,700 psi in the form of a butt weld in mild 
steel with reinforcement machined flush. 
l. A tensile test on a standard German specimen (DIN 1605) yielded the following results 
yield strength = 47,800 psi tensile strength = 74,000 psi elongation in 10 diameters 249, duction of area 62% 
2. A tensile test on a standard German specimen (DIN 1605) yielded the following results 
yield strength = 29,800 psi tensile strength = 51,600 psi elongation in 10 diameters 8% reduction of area 639, 
3. A tensile test on a standard German specimen (DIN 1605) yielded the following results 
yield strength = 33,300 psi tensile strength = 53,400 psi elongation in 5 diameters 109, reduction of area HOF 
4. At its origin the fracture had a bluish or brownish color, and was very coarse grained 
5. Fracture originated at the root of the end fillet weld. The machine was not properly adjusted at the beginning of the test For a 


f ° pn : 
lew cycles the upper tensile stress reached 25,900 psi 


6 


Porosity was visible at the origin of fracture. Also the end fillet weld was thickened just in front of th 


orl 


GERMAN FATIGUE TESTS ON WELDS 





gin of fracture 











Calculated 
Bending Stress 


‘Table 2—Group VI. Results of Bend Fatigue Tests with Specimens Shown in Figs. 27 to 29 


in Section S—S Range 
or S’—S’ of 
Lower Upper Fatigue Number of Cycles 


Specimen Stress, Stress, Stress, per to 
Fracture 
About 210 334,300 


Designation psi psi psi Minute 
Bu 37.13.2 1400 28,500 27,100 


Remarks 
Welds very porous; fracture started in the milled grooy 
the end fillet weld on the tension flange where consid 
able porosity had to be removed 


Bu 37.13.1 1400 25,600 24,200 About 210 735,200 Fracture started in groove at junction of end fillet weld with 
tension flange 
Bu 37.13.2 1600 24,400 22,800 About 210 594,700 Fracture started in porosity in the groove at junction of 1 


fillet weld with tension flange 


The bending stresses in columns 2 and 3 of Table 2 were calculated using the section modulus of the unweakened cross section of 


beam. 


The locations of the loads and the span are shown in Figs. 27 to 29. 

Section modulus of 130 = 648 CM* = 39.5 IN*. In I30 the radius of the fillet connecting web to flange is 0.43 inch: thickn 
flange halfway between edge and center line of web is 0.64 inch; thickness of web = 0.43 inch 

Arc welding was done with heavy covered Siemens ‘‘162”’ electrodes of Grade E 34h. The symbol /refers to rods for important wel 
joints. The tensile strength must be at least 48,400 psi. The weld metal had considerable porosity 

A standard static tensile test on specimens cut from the tension flange of [30 showed: 


tensile strength = 


54,000 psi 


elongation in 10 diameters = 28.8% 


reduction of area 


was 20,600 psi (range ratio = 0; maximum tension = 
20,600 psi). Fig. 33 shows a specimen that broke after 
650,000 cycles between a lower tensile stress of 700 psi 
and an upper tensile stress of 23,500 psi. 

The chief result of Group I is that the specimen of 
Series D had the greatest pulsating tension fatigue 
strength (range ratio = 0). Still, the fatigue strength is 
less than that of an unmachined butt weld. Besides 
specimens of Series D are not easy to fabricate. The 
straps require special machining and two types of weld- 
ing must be done. 


2. Group II, Series E 


As shown in Table 1, the pulsating tension fatigue 
strength (range ratio = Q) is about 18,500 psi, which is 
nearly the same as Group I. The same comments apply 
to Group II as were made at the close of the discussion 
on Group I. 


3. Group III, Series F to L 


Series F continues Group I, the end fillet welds being 
made as shown in Fig. 34. The pulsating tension fatigue 
strength (range ratio = 0) is about 18,500 psi; which 
is nearly the same as Group I. 

The specimens of Series G were not machined and had 
about the same fatigue strength as Series F. Figure 35 
shows a Series G specimen after the test. 

The machined specimens of Series /7 developed some- 
what higher fatigue strengths, as shown in Table 1. 

The pulsating tension fatigue strength of specimens 
of Series J is about 22,800 psi, which is the highest 
of any of the series yet discussed. 

The gas welded specimens of Series L had a pulsating 
tension fatigue strength (range ratio = 0) of 23,500 
psi, which is a little higher than Series J.' 

On the whole, Group III shows that an increase in 
fatigue strength may be secured in the first place by 
providing a gentle transition from weld to tension mem- 
ber. Comparison with Group I also shows that the 
straps should be as wide as feasible, and preferably 
rectangular. The end fillet weld should be heavy. 


4. Group lV, Series M to P 


The specimens of Series 1/ had unmachined spots at 
the junction between the end fillet weld and the tension 


! The defective specimen 2 B.5, Series L, is omitted from consideration 
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= 64% 


BI133 
77Z.D37RN.7 





Fig. 42—Specimen RN.1 of Series M. Fracture Occurred After 464,500 Cycles Be- 

tween a Lower Tensile Stress of 700 Psi and an Upper Tensile Stress of 25,200 Psi 

Fracture Originated at Unmachined Spots at the Junction Between the End Fillet Weld 
and the Tension Member. Compare This Photograph with Fig. 18 


member, as shown in Figs. 18 and 42. The pulsating 
tension fatigue strength was low, fracture originating 
at the unmachined spots. The machined specimens of 
Series N had a higher pulsating tension fatigue strength, 
namely over 24,200 psi (range ratio = 0; maximum 
tension = 24,200 psi). The pulsating tension fatigue 
strength (range ratio = 0) of the specimens in Series U 
and P was also greater than 24,200 psi. 
5. Group V, Sertes Q and R 

Specimens in Series Q had a pulsating tension fatigu: 
strength (range ratio = 0) of over 24,200 psi. A speci 
men after test is shown in Fig. 45. 

As shown in Table 1 the specimens of Series R wer 
weaker than those of Series Q. The welds were mor 
porous and had a less favorable shape. 

6. Group VI, Tests with Beams, Figs. 27 to 29 


Table 2 contains the results. The pulsating bending 
fatigue strength (1 million cycles) was 19,900 to 21,40! 
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89733 It may be concluded that the usual strap joint does not 
ty have good fatigue valu Since strap joints and related 
77L.ME37.RP2 | : 


types of joints are often indispensable, a number of pro 
posals have been made for strap joints. In past years, 
tests on beams showed that the joint illustrated in Fig 
20 was the best The present investigation also shows 
that this type of joint is best, and should be the type 
adopted by engineers 


\ Sun 


Diamond shaped ends are not satisfactory for 
reinforcing straps. 

b) The strap should be of the same width through 
out its length and should be provided with heavy end 
fillet welds 

(c) If a high strength joint is desired, the junction 
between end fillet and tension member must be rounded 
as in Figs. 45 and 56. Figure 55 shows a rotary file 
suitable for rounding the joint.‘ The ground junction 
should be free from porosity 


Fig. 45—Specimen RP.2 of Series Q. Fracture Occurred After 1,067,800 Cycles Be- 
tween a Lower Tensile Stress of 850 Psi and an Upper Tensile Stress of 24,900 Psi 


psi, and was lowered by internal defects in the welds. 
The most important result is that fatigue fracture al 
ways originated at the end fillet and started at porous 
spots. 





Fig. 56—Cross Section of End Fillet 


7. Former Theories on the Effect of the Shape of the Strap 
on the Pulsating Tension Fatigue Strength of Tension Secs een GREE ten am chemin Cent the 
Members and Beams is smaller or at least not greater than the 
that grinding on section }6-} actual 


The effect of straps on the fatigue strength of butt “rect effect ts not feasible at a-a 
‘ must be ifhciently complete 


welds was observed in the earliest fatigue tests of welds. _* The use of this apparatus will be de 
It was found that the shape of the strap has practically ‘Ptr, Mt Munzinees 

no effect on the static tensile strength.' On the other 

hand, the shape of the strap was found to exert a great 

effect on fatigue resistance. Diamond shaped straps 

were not satisfactory, but other types of straps developed 

good fatigue strength. For example, one joint with 

stood two million cycles between a lower tensile stress 


of 700 psi and an upper tensile stress of 25,600 psi with Th N f M | 
out fracture. Se ature O i eta 


These results have not received sufficient considera 


tion particularly in view of new problems now arising Transter in the 


See, for example, O. Graf, Stahlbau, 1933, page 89. Welding Arc 


By ALFRED VON ENGEL 


Published in Wissenschaftliche Veroffentlich- 
ungen aus den Siemens-Werken, 16 (3) 70-88, 
October 1937. Original title is: Uber die Natur 
der Werkstoffwanderung im _. elektrischen 
Schweissbogen. 


SUMMARY 


OR the first time a method has been found for 
calculating the amount of metal transferred from a 
bare electrode to base metal in a short. direct 
current welding ar 
It is assumed that the melting of the electrode 
pends on the temperature of the anode or cathode 
and that either the whole end of the welding 
periodically heated (plane heat , or only 
of the end of the electrode « 
Fig. 55—Machining the Welds spot 1s heated periodically 


METAL TRANSFER IN THE ARC 





sudden wave of heat is present which heats the end of 
the electrode to a definite initial temperature. The heat 
diffuses into the electrode according to the laws of the 
conduction of heat. The extent and mass of the molten 
zone can be calculated at the instant at which the 
hanging drop short circuits the arc and interrupts the flow 
of heat. The relationship between the average number 
of drops per second and the maximum amount of metal 
melted per second may be calculated from the results of 
the heat conduction calculation if the time of short 
circuit is known. 

The present investigation shows that the calculated 
amount of metal transferred per second is of the same 
order of magnitude as has been found experimentally. 
The greater amount of metal melted when the electrode 
is anode than when it is cathode is correctly predicted if 
the higher temperature of the anode spot is taken into ac- 
count. Also in agreement with experiment for different 
sizes of arc spots and currents, the calculated amount of 
metal transferred per second varies almost linearly with 
current density. 

The process of drop formation is qualitatively de- 
scribed. The heating time depends on the time required 
for the drop to fall. The time of short circuit depends on 
the time at which the drop falls from the end of the 
electrode. The electrodynamic contraction and rupture 
forces in drops, as well as the surface tension, appear to 
control the time of short circuit and the hydrodynamic 
occurrences, of which little is known at the present time. 





Resistance Brazing of the 
End Rings of Squirrel 
Cage Rotors’ 


By J. H. LOTTER?t 


squirrel cage rotors to the copper rods by means of 

dip brazing, the electric torch, die casting and hy- 
drogen copper brazing presents many disadvantages. 
These disadvantages are so pronounced that a research 
into the problem of brazing the end rings was deemed 
advisable. 

From the literature of brazing small articles by means 
of electrical resistance an idea similar to spot welding was 
conceived. Carbon, because of its characteristics as 
presented by the resistivity-temperature relation, was 
selected as the resistor. 

The initial steps in the research consisted mainly in 
melting copper between carbon of definite size and 
weight. Observance showed that the temperature ob- 
tained was proportional to the weight of the resistor, 


Ta industrial practices of brazing end rings of 





* Submitted as a Master’s Thesis, Department of Mining and Metallurgy, 
College of Engineering, University of Wisconsin. A contribution to the funda- 
mental Research Division, Welding Research Committee. 

t Harnischfeger Corporation. 
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other things being equal. By gradual variations of the 
procedure and apparatus four copper rods could | 
brazed to the arc of a copper ring, using brass as the bra?- 
ing metal. 

The next accomplishment was the actual brazing of 
the copper rings and the rods. This problem resolved 
itself into three major steps: 

Electrical apparatus 
Rotor set-up 
3. Brazing operation. 

Electrical engineering handbooks listed a formula. 

collected from the facts of Joule’s and Ohm’s Law, where 


0.24 7rt 
gh 


l. 
2. 


T= 


T represents the rise in temperature in degrees Centi- 
grade; 2 the current strength in amperes; / the 
specific. heat of the resistor; g the weight of the con- 
ductor in grams; and ¢ the time in seconds. Using 
this formula as the basis in conjunction with physical 
laws the dimensions of a theoretical resistor were calcu- 
lated. 

The electrical apparatus consisted of a spot welder 
adapted to the problem by changing the copper elec- 
trodes with electrodes having carbon as the resistor. 
The surfaces of the carbon resistors were convex for the 
lower and concave for the upper. On the lower arm of 
the welder a turn table was fastened. 

In the experiment a strip of ordinary brass of the same 
width the rods projected over the ring was forced be 
tween the copper rods and ring. The assembled rotor 
was placed into position on the turn table so that the 
lower resistor contacted the inner surface of the ring 
Then by means of the pedal lever the upper electrode 
was forced upon the rods. As the lever moved down- 
ward the primary circuit was switched on and the high 
secondary current through the carbon resistors heated 
the area in contact. When observations showed that 
all the brass was in a molten state the current was 
switched off by the slight release of the pedal pressure. 
The remaining pressure on the pedal aided in completing 
the brazing through the solidification period. Repeating 
this procedure on the adjacent arc the entire ring could 
be brazed. Then by means of the turn table the other 
end was brought into position and brazed. 

During the process of the experiment various ideas 
put into practice were found to be unsuccessful. The 
fundamental idea of using carbon of like properties 
proved unsatisfactory due to the disintegration of the 
carbon and the disfiguration of the upper surface of the 
copper rods. Where there was a combination of metal 
of different electrical and heat conductivity better re 
sults were obtained by the use of electrodes of dissimilar 
resistances. With the exception of grinding the end 
ring at the joint to provide a smooth contacting surface 
the metal to be brazed required no special treatment 
The strength of the joint, which depended in a great 
measure on the care taken in placing the brass and in the 
brazing time, ranged all the way from the strength of the 
copper to that of an alloy. With a capillary space pré 
caution the joints were uniform in mass around the rods. 
A long heat exposure over-heated the metal at the joint 
and allowed oxidation. In such cases there was slag in 
the joint. In conclusion the experimentor believes that 
with further study and research the method could be 
made practical as an industrial process. 
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THE FATIGUE STRENGTH 


By DR. BUHLER* 





(132,000 Ib. capacity, 300 cycles per minute) on 
H beams (flange 0.59 inch thick, web 
height 
ft.) four-point loading 8.2 ft. span, on free supports, 
Nine specimens were tested. 

Four drill holes, 0.55 inch diameter 

Four drill holes, 0.55 inch diameter, and 


F 1:32.00 tests were made in an Amsler pulsator 


thick, flange width 


Fig. 1. 
Beam 1. 
Beam 2. 


ot Rolled Beams 


Published in Stahlbau, 11, No. 2, January 21, 1938. The original title is: Zur Dauerfestigkeit 


von Walztragern 


Extended Abstract by G. E. Claussen!’ 


Beam 4. 
Beam 5. 


0.36 inch Beam 6. 

= 7.9 inches, 48 Ib. per B 7 
o< S, eam 7. 
Beam 8. 


Beam ‘§ 


one stiffener welded on all sides 


Beam 3. 


Only one welded stiffener 


* Section Chief of the Swiss Railways 
+ Research Assistant, Welding Research Committee 
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Two longitudinal beads of weld metal 
Two transverse beads of weld metal 

An angle welded transversely 

Fillet-welded wind connection plate 
Butt-welded wind connection plate 

Same as beam 8 but stress relieved at 
600° C. + 20° C. for 2'/, hours. The 
temperature was raised from 350 to 600° C. 
in 1 hour. Cooling the furnace 
floor outside the furnace for 1 hour followed 
by cooling in still air 


was on 


Fig. 1—Dimensions of the Beams 
h=leg of fillet weld = 0.24 inc n all cases 


Diameter fr r supports = 2 inches 





Table 1—Results of Static Bend-Deflection Tests 








Deflections, Inch 


Stresses, Lb./In.* Permanent Elasti Permanent 
Calculated Observed Strain, % per 220% per 2200 
Beam Load, Lb. Middle Side Middle Side Middle Side Total LI Total Lb 
l 44,000 26,900 20,900 24,300 20,800 not determined 0.166 0.0084 0.012 0.00061 
2 44,000 26,900 20,900 27,800 22,600 0.16 0.09 0.139 JOSO 0.020 0.00115 
3 44,000 21,000 21,000 18,400 18,800 0.15 0.11 0. 14¢ 0.0084 0.016 0.00092 
4 44,000 21,000 21,000 17,500 18,200 0.16 0.11 0. 13¢ WI7R 0.013 0.00074 
5 44,000 21,000 21,000 18,900 21,100 0.21 0.17 0.147 0084 0.015 0.00083 
6 49,500 23,600 23,600 23,300 25,600 0.08 0.02 0.155 WTR 0.030 0.00152 
7 44,000 20,900 20,900 15,700 18,600 not determined 0.154 0.007 0.010 0.00049 
8 55,000 26,200 26,200 19,500 22,600 0.18 0.18 0.183 ). OOS2 0.020 0. 00087 
i] 55,000 26,200 26,200 22,900 24,800 0.06 0.13 0.184 ). OOR2 O06 0.00025 
Note: The strains designated ‘‘middle’’ were measured on the two gage lengths of 2.5 inches each spanning the middle of the beam 
and on both sides of the tension flange. The strains designated ‘‘side’’ were measured on the eight gage lengths of 2.5 inches each be- 
tween the loads but not spanning the middle of the beam. 
Table 2—Results of Fatigue Tests 
Permanent Deformation in Tension 
Number of Flange, % 
Load, Lb. Cycles to Zo D Outside the Zone 
Beam Lower Upper lensile Stress, Lb./In.? Fracture Fra re of Fracture 
l 5500 49,500 30,100 (weakened cross section 612,000 ). 08 
23,500 (unweakened cross section 
2 0 44,000 26,900 (weakened cross section 765,60 ' 
20,900 (unweakened cross section) 
3 0 44,000 21,000 1,430,0004 
5500 49,500 23,600 941,900 2 )17 
4 0 44,000 21,000 1,060,000 4+ 2 0 15 
5500 49,500 23,600 956,600 about ‘ about 0.15 
5 5500 44,000 21,000 644,800 0.23 
) 5500 49,500 23,600 560,000 0.3 0.07 
7 5500 61,000 29,200 96,400 0.40 00 
S 5500 55,000 26,200 235,000 0.09 0.07 
i) 5500 55,000 26,200 456,100 0 04 
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Fig. 2—The Middle Portions of the Tension Flanges of the Beams Prepared by Drilling 
or Welding 
Horizontal section a - a in Fig. 1 
= fatigue crack 


Four drill holes each 0.55 inch diameter. Stiffeners under loads = 0.39 x 3.6 

inches each; fillet welds = 0.24 inch throat 

Beam 2. Eight drill holes, each 0.55 inch diameter; h = 0.24 inch center stifeners = 

0.39 x 3.2 inches each 

Beam 3. Same as 2 but no holes 

Beam 4. A = weld beads on lower side of tension flange 

Beam 5. B = angle 0.39 x 3.9 x 2.0 inches, fillet oaied h = 0.32 inch) to lower 
side of tension flange; only transverse welds were used 

Beam 6. D = angle 0.39 x 3.9 x 3.9 inches, fillet welded (h = 0.32 inch) to lower 
side of tension flange; only longitudinal welds were used 

Beam 7. Wind connection plates are 0.32 x 4.7 inches. h = 0.24 inch 

Beam 8. Wind connection plates are 0.32 inch thick 

E = gradual junction of machined weld with flange 


Beam 1 


h=0 24 inch 


The beams were of mild steel (minimum tensile 
strength, 53,000 Ib./in.*). Covered electrodes were 
used (130-200 amp., D.C., 25-30 volts) and the welds 
were made as carefully as possible to avoid distortion; 
only the welds of beams 8 and 9 were machined (see 
Fig. 2). 

The following measurements were made on all beams: 

1. Static loading in vicinity of endurance limit 

(a) deflection at mid span 
(b) strain in tension zone on ten gage 
each 2.5 inches long 

2. Fatigue test to fracture 

(a) load pulsating from 0 to maximum to fracture 
(6) permanent changes in length after fracture 


lengths, 


The results of static tests are given in Table 1. Owing 
to internal stresses, the calculated and measured stresses 
are not in good agreement. The internal stresses are 
relieved at relatively low loads, which give rise, there- 
fore, to permanent strains. These are expressed in per 
cent in Table 1. A strain of 0.21% corresponds to a 
stress of + 6400 Ib./in.*, which is '/, to '/; of the maxi- 
mum bending stress. 
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Fig. 3—Approximate Determination of the Fatigue Strength (Range Ratio = 0) of Beam 
1 to 10, Including the Fatigue Strength of Mild Steel, ST 37 
Open circles = fatigue limit at 5,000,000 cycles 
Full circles = fatigue limit at 1,000,000 cycles 
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Fig. 4—Fatigue Fracture in Beam 10 with Four Drill Holes 0.55 Inch Diameter on Only 
One Side of the Tension Flange of the Beam 


C = fatigue crack — 
D = continuation of fatigue crack under static load 


The results of the fatigue tests are given in Table 2 
The permanent deformations after fatigue fracture are 
very much smaller than the permanent deformation 
observed in a static test and raise the question whether 
the theory of designing beams based on plastic actio 
is valid for fatigue. 

The small strains observed in the tests are due in part 
unquestionably to release of internal rolling and welding 
stresses. In order to estimate the effect of these factors 
the beam (No. 10) shown in Fig. 4 was tested. The 
probable location of the Wohler lines for all beams 
plotted in Fig. 3, on the assumption that the enduran 
limit is reached at 5 million cycles. The serious effec 
of the welding heat is particularly shown by beam < 
The results for beams 8 and 9 show little improvement 
as a result of stress annealing. 

Therefore, it may be concluded that the stress conce! 
trations caused by notches (welds, holes) are a great 
deal more important for fatigue strength than the 1 
ternal stresses created by rolling or welding. The not: 
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effect due to welding on the tension flange of a rolled 
hearn reduces the fatigue strength (0 to maximum tensile 
stress) to only 0.5 to 0.6 of that of the rolled beam itself. 
The same reduction is caused by drill holes in the tension 
flange if the stresses are calculated on the unweakened 
cross section. 


Suggested Research on 


the Welding Arc 


By C. G. Suits! 


on the welding arc was suggested by the references 

to recent literature on Arc Phenomena which 
were published in the Research Supplement to THE 
WELDING JOURNAL, February 1938, pp. 28-30. 

There is almost a complete absence of research on 
the physics of the welding arc. Research in this field 
might very well start with a study of the fundamental 
electrical constants of the welding arc. Even the 
simplest of these quantities is almost unknown at present, 
and the need for some really reliable measurements is 
certainly indicated. 

At the present time about the only electrical constant 
of the arc on which we have any information is the total 
arc voltage. The electrical constants of greater sig 
nificance are (1) the electric gradient E(v/cm.) in the 
arc column and its variation along the axis of the arc; 
2) the current density measured from the photographic 
diameter of the arc; and (3) the concentration of voltage 
at the cathode e, and the anode e,. All of these quan 
tities should be known as a function of are current and 
arc length and for a variety of representative electrode 
materials. 

At the present time we know only that the total arc 
voltage e has a certain value. We do not know what 
fraction of this voltage is concentrated at the anode and 
cathode and what part appears in the arc column. 
Some initial work along this line was done by Conrady 

Elektroschweissung, 8, pp. 101-106, 125-128 (1937)). 
About the only part of this work that can be safely 
interpreted is the final voltage that appears on the 
probe just previous to short-circuiting. Measurements 
of the voltage-distance curve in the arc by this method 
are open to grave objections which also apply to a great 
many other investigations using probes, particularly 
in the work of Myer (Zeits. f. Phys., 87, 1 (1933)), as 
pointed out by Mason (Phys. Rev., 51, 28 (1937) 
The measurement of the voltage which appears just 
prior to short-circuiting, however, can probably be 
reliably determined by this method. 

For measurement of the electric gradient in the arc 
column the method of vibrating one electrode will 
probably lead to more accurate values than any now 
available. In this method one electrode is moved sinu 
soidally along its axis, and the changes in arc voltage are 
observed oscillographically. Where we have used this 
method for low current arcs the vibration rate has been 
oU per second, and the resulting 30-cycle voltage is 
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selected by a tuned amplifier system. In the welding 
arc, however, where random variations in are voltage 
are prominent in this frequency range, it would probably 
be better to use a much lower frequency of oscillation, 
such as 1 cycle per second, and eliminate the high fre 
quency extraneous voltage variations by an inductive 
circuit. We have found that this works quite satis 
factorily in the case of high current metallic arcs 

When information is available which allows one to 
say how the voltage is distributed in the are column 
and how this distribution depends upon the materials 
in the electrode coatings, it would be desirable to study 
the separate components in the coating materials to see 
what constituent of the coating is determining the 
voltage distribution and hence heating effectiveness of 
the electrodes. The object of a study of this type would 
be to reduce the matter of the material of electrode 
coatings to a science, whereas at present it is a “‘cook 
book’”’ art. 


Correction 


Dr. F. Bollenrath of the German Aircraft Experiment 
Station, Berlin-Adlershof, has pointed out several errors in 
the review of literature on Shrinkage Stresses in Welding 
which was published in the November 1937 issue of the 
Welding Research Supplement. In Table 1, page 6 and 
in Table &, page 11 all shrinkage stress measurements 
were made by the original, unmodified Mathar method, 
not by the modified Mathar method. In Fig. 5, page 10 
the points B and C are not ‘‘Mather extensometer holes 
but are indentations with sharp edges—-similar to Vickers 
pyramid hardness impressions—to define two points the 
change in distance between which caused by the cuts 
was measured by means of a microscope. On page 27, in 
the second paragraph of the section on Welded Boilers 
and Other Cyclindrical Vessels the Mathar holes were 
made in the weld, and there were twenty holes, not 
eighteen. The Huggenberger tensometers used during 
the pressure test were placed alongside the joint 

Dr. Bollenrath made the following comments on multi 
axial shrinkage stresses. ‘‘The observations made by 
Mesmer (pages 10 and 22 of your review) on the flow 
lines caused by stress concentrations around holes (page 
10, right column, second paragraph) have not been evalu 
ated in a satisfactory quantitative way, as was shown in 
Stahl und Eisen, 57 (1937) 389-398 and 419-422). Ob 
viously flow figures occur at the drill holes because the 
multi-axial stress condition is destroyed and a bi-axial 
system only can remain. For this reason the yield 
strength at the edge of the hole is decreased to that found 
under uni-axial or bi-axial systems of stress. As a result, 
purely elastic stress causes plastic deformation when a 
hole is drilled, unless the total amount of deformation 
relieved is not greater than the tri-axial elastic stresses 
created by shrinkage during and after welding. Un 
fortunately the flow figures give no information of the 
magnitude of the deformation nor of the magnitude of the 
stresses above the yield strength However, it appears 
to me to be demonstrated that shrinkage stresses above 
the yield point can exist and can give rise to brittleness 
on account of their reducing the capacity for deforma 
tion. This embrittlement— it can also be called reduc 
tion in capacity to flow—explains many fractures, which 
are due neither to low-grade welding nor to quench 
hardening 
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DEVELOPMENTS IN WELDING AT 





Rensselaer Polytechnic Institute’ 


By WENDELL F. HESS, D. Eng. 


HE author became interested in welding through 

the medium of an arc-welding machine which was 

loaned to the Institute almost fifteen years ago 
and of which he and two fellow graduate students de- 
cided to investigate the electrical characteristics. It 
was but a step to try the manipulation of an arc. Then 
an open house exhibition furnished the incentive to 
take a short course in the practice of arc welding at a 
nearby manufacturing plant. This training was supple- 
mented by practice in atomic hydrogen welding, then 
coming into prominence. One of these equipments was 
loaned for the exhibition. The operation of the atomic 
hydrogen equipment so impressed members of the board 
of trustees that arrangements were made for its pur- 
chase. 

Shortly after the above events the Navy Department 
requested that a course in welding be given to the young 
naval officers who were being sent to the Institute for 
special training from the Bureau of Yards and Docks. 
Two and one-half hours per day for four weeks were 
assigned this course for combined theory and laboratory. 
This was later extended to seven weeks. 

In order to become familiar with and keep abreast of 
the best theory and practice in welding the author joined 
the AMERICAN WELDING Society. Through a period 
of about ten years during which he has attended some 
sessions of every national meeting of the Society he has 
kept an interest in welding through the medium of stu- 
dent thesis investigations and the Navy course although 
most of his time has been occupied in teaching electrical 
engineering and physics. Perhaps the most helpful 
factor has been the privilege of attending the sessions of 
the Fundamental Research Committee at the national 
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Fig. 1—Ricketts Laboratory, Rensselaer Polytechnic Institute, Troy, N. Y. 
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Fig. 2—Heat Treating Furnace in Metallurgical Laboratory, R. P.! 


meetings of the Society. This opportunity of keepi: 
in contact with experimental work in the field of welding 
and of meeting other workers has been both inspiri1 
and instructive. 

Early in the Navy course, the author felt the need 
closer contact with gas welding in order to overcome any 
prejudicial tendency which his previous training 
experience might have, so as to be able to present without 
bias to his students both electric and gas welding 
tools of engineering. To this end time was taken duri 
one of the summer vacation periods for training 1! 
welding at the development laboratory of one of the 
large gas welding companies near New York. Thi 
writer will not soon forget the thrill of making welds 
which broke 55,000 and 70,000 psi plate and then maki! 
welds which themselves failed at over 100,000 psi 
110,000 pound plate. 

An open and unbiased discussion of the princi 
spheres of usefulness of all processes and of conti 
versial subjects—such as electric vs. gas, welding 
riveting as a tool of construction, welding vs. casting 
as a method of manufacture, direct current vs. alter 
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Fig. 3—Microscopic Examination of Metals 


ing current, acetylene vs. other gases for cutting—has 
always been an aim of the course, since it is felt to be 
most helpful for prospective engineers. Much of their 
contact with welding as engineers after graduation will 
be through the medium of highly prejudiced individuals. 
Having discussed many factors in the atmosphere of 
searching for truth by the assemblage of facts and the 
application of logic, the engineer should be in a better 
position to perceive the truth through the maze of com- 
petitive sales argument and render decisions based on 
good judgment. 

The new developments in the welding laboratory have 
arisen from a situation brought about by the lack of 
sufficiently widespread discussion of the type suggested. 
A little less than two years ago Captain G. A. Duncan 
of the class of 1912, now Assistant to the Chief of the 
Bureau of Yards and Docks in the Navy Department, 
expressed his concern at the lack of knowledge of the 
science of welding among the construction engineers of 
today. He felt that this ignorance was breeding a preju- 
dice against its adoption. His remedy was to educate 
the younger engineers in the science of welding and famil- 
iarize them with its opportunities and its limitations. 

During the summer following Captain Duncan's 
suggestion, the author made three trips covering different 
geographical sections for the purpose of studying, at 
first hand, progress in the industrial application of 
welding. 

In all, twenty-seven visits bearing directly on welding 
were made, including twenty-three in which welding 
operations or equipment were actually observed, and 
four in which welding was discussed. Many other visits 
have been made before and since these trips. 

These visits served to renew and extend acquaintance 
among leaders in the field of welding, and the opportunity 
was taken to discuss with many of these the purposes, 
value and content of such a welding laboratory as we had 
in mind. A number of our own views were confirmed 
and some new ideas gained, so that we believe we know 
the type of laboratory needed to attract and train the 
future leaders in this rapidly growing field, and to con 
duct valuable research. 

The visits included leading manufacturers of welding 
equipment and talks with responsible persons in these 
organizations, explaining our aims. It is gratifying to 
report that many of them have been inclined to help us 
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with very liberal propositions involving their equipment. 
The equipment selected does not represent the simplest 
type which could have been chosen if demonstration were 
the only object, but involves features which will permit 
fundamental research because of the possibility of accu 
rate control of variables and the flexibility of arrange 
ment. The variety of the equipment is wide, the num 
ber of any one kind is very small. This fact suggests 
that the purpose of the laboratory is not to provide shop 
practice, which is the case. The majority of technical 
schools which have any considerable amount of welding 
equipment have obtained it with the idea of supple- 
menting the usual shop courses. While this is not ob- 


Fig. 4—Motor Control and Part of Motor-Generator Set. 350 Kva. 440 Volt Generator 
Driven by 125 Hp., 4160 Volt Synchronous Motor 
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Fig. 5—Thyretron Control Panel, with Phase Shifting Control and Cycle Recorder, for 
Spot, Seam and Interrupted Spot Welding 
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Fig, 6—30 Kva, Spot Welder and 175 Kva. Spot and Projection Welder jectionable it does not represent the best type OI e1] 


neering training, but follows more nearly the trade « 
practice. Our idea more nearly parallels the newer 
in the working of metals, that it is better to ha: 
variety of useful machines such as a small rolling 

hydraulic press, drop forging machine, etc., on whic! 
students shall work in groups, than to have a lot of simp}, \ 
blacksmith forges for the students to make ornamenta] 
iron work. We feel that it is more important for oy I 
future engineers to understand the principles underl, 
the various processes and applications of welding, a1 ! 
supplement the theory with just sufficient laborator t 
experience to better grasp these principles, than 

spend any considerable amount of time merely acquiri 

manipulatory skill. 


mA 
( 
( 
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Having ascertained by means of the above mentioned 
visits something of what industry has and needs in th 
way of welding engineers, and having determined through 
discussion with the manufacturers of welding equipment 
the availability and cost of such equipment as was con 
sidered necessary to equip a welding laboratory of real 
excellence, a budget for the proposed laboratory wa: 
prepared. | 


We were fortunate in having financial assistance in 
setting up the kind of welding laboratory which we de 
sired. Mr. George T. Horton of the Chicago Bridge and ! 
Iron Company has been familiar with welding since its 
earliest beginnings and has pioneered not only in its 
adoption as an industrial art, but also in fundamental 
studies leading to improvement in structural applications 
He knows the limitations of our knowledge of the science 
of welding. The funds which he has so liberally pro 
vided for the purchase of equipment have made it possibk 
for us to set up a laboratory, perhaps second to non 
for the training of engineers in the science of welding 

The new laboratory occupies a little more than thre¢ 
thousand square feet of the top floor of the new Ricketts 
Laboratory, a photograph of which is shown, Fig. 
The third and fourth floors of this building are occupied 
by the Department of Metallurgy which is comparatively 
new and splendidly equipped. 

From the standpoint of fundamental research the new 
welding laboratory is extremely fortunate in being 
affiliated with the Department of Metallurgy whose 
facilities for heat treatment, microscopic examination and 
photography, radiographic examination and diffraction 
studies, and physical testing equipment are admirably 
fitted for a wide variety of welding research. 

A photograph of one of several different types of heat 
treating furnaces is shown, Fig. 2. All of the heat 
treating furnaces are thermocouple controlled by ele 
trical recording instruments which is essential for scie1 
Fig. 7—175 Kve. Seam Welder, Partly Installed tific heat treatment. A photograph, Fig. 3, shows a 
student at work in the metallographic laboratory, which 








Fig. 8—75 Kva. Butt and Flash Welder Fig. 9—D.C. Are Welder and Small A.C. Arc Fig. 10—Large A.C. Welding Transformer and 
Welding Transformer Atomic Hydrogen Welding Equipment 
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tains eighteen such microscopes. An adjacent room 
contains fifteen polishing wheels and etching facilities. 
fhe latest Zeiss equipment for microphotography is 
vailable for research and staff use. 

[he funds made available by the Horton gift have 
been expended to cover a variety of useful equipment. 
We have been aided materially by the liberality of 
manufacturers who have been willing to overlook im 
mediate profits for the future benefit of the industry. 
When we look at the large and increasing number of 
metals and alloys to which welding has been applied and 
to their variety in shape and size, we realize that no 

gle operation can include them all. Many types of 
apparatus were therefore necessary. 

We became interested in obtaining the finest possible 
equipment in the field of resistance welding when it 
became apparent how wide an opportunity there seems 
to be for work of a fundamental character. In order to 
obtain an adequate supply of single phase power with a 
minimum of disturbance to the remainder of the Insti 
tute electrical system it was necessary to install a motor 
generator set, consisting of a 350 kva. single phase 440 
volt generator, driven by a 125 hp. synchronous motor 
operating directly from the primary feeder voltage of 
4160 volts. Part of this set and the motor control are 
shown in Fig. 4. 

The very latest type of thyratron equipment is pro 
vided for spot, seam and interrupted spot-welding control, 
which incorporates metal ignitron tubes directly in the 
primary leads of the welding transformers. Figure 5 
illustrates the front of the control panel, as viewed 
through the open doors of its cabinet. The ignitron 
tubes are behind the panel at the left, one of the 500,000 
em. leads being visible. This equipment provides for 
half cycle welding and phase shifting control of welding 
currents. 

Figure 6 shows a small air-operated spot welder, rated 
at 30 kva., and a motor-driven spot and projection 
welder with air cushion pressure control and aluminum 
moving parts for low inertia. The pressure range is 
from zero to 6000 pounds. The electrical rating of this 
machine is 175 kva., which is, of course, much less than 
it will draw from the line. 

Figure 7 illustrates our seam welder, partly installed. 
The rating of this is the same as that of the spot welder. 
Another set of arms is provided for welding at right 
angles to the position shown. Note the rectangular duct 
mounted just below the electrical conduit running along 
the wall. This contains all of the control wires leading 
to the various welding machines from the control center 
back of the thyratron control cabinet. 

Figure 8 shows our 75 kva. butt and flash welder with 
air operated clamps and both hand operation and motor 
driven push up. The hand push up is provided for dem- 
onstration of flash and butt welding, and the machine 
for experimental investigation of cam shapes and 
amounts of upset. 

Realizing the importance of fusion welding and the 
immense amount of work that can be done in this field, 
we are providing a variety of equipment for electric and 
gas welding and flame cutting and are planning also to 
build a set-up for thermit welding. We have metallic 
arc-welding equipment for both D.C. and A.C., manual 
and automatic. Figure 9 shows that historically signifi- 
cant arc-welding machine referred to early in this paper, 
which has had a long and useful service at the Institute 
and which is still taking an important place in the new 
laboratory. At the right edge of the picture is one of the 
latest 150 ampere A.C. equipments incorporating high 
lrequency ignition for arc stabilization. Figure 10 
shows a 750 ampere A.C. welding transformer which will 
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be used for hand welding and to supply the automatic 
equipment. Beside it stands our atomic hydrogen equip 
ment which has been used for many years, and was 
particularly impressive in the bare electrode days, before 
the improvements brought to arc welding by the advent 
of heavily coated electrodes \ large D.C. generator for 
use with the automatic and for hand welding is still to be 
obtained. 

The automatic equipment is now being installed and 
was not ready for photographing at this writing. We 
have obtained this equipment in order to secure addi 
tional control of variables such as speed and length of 
arc for experimental purposes. Also, while it is not 
ordinarily possible for students working on graduation 
theses to become sufficiently proficient to make repre 
sentative welds for their purposes, nevertheless they can 
do a lot of worth while work, using the automatic machine 
to provide the necessary skill and control. Connec 
tions with local welding firms provide expert manual 
welding when needed, but we prefer not to call upon this 
assistance except when absolutely necessary in order not 
to impose upon this accommodation 

We are very proud of our acetylene welding installa 
tion. In neatness of welded piping, manifolds and 


~ 


Stations, it leaves little to be desired. Figure 11 shows 


Fig. 11—Acetylene and Oxygen Manifolds and Straight Line Cutting Machine 
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Fig. 12—Stations for Oxyacetylene Welding and Cutting 


the cylinder manifolds and a straight line cutting machine 
which has already proved very useful for the cutting and 
beveling of plates to be welded as well as for the prepara- 


tion of specimens for testing. Figure 12 illustrates the 
stations for manual welding and cutting. Students 
may here get the feel of a torch and so better appreciate 
its usefulness. 

It would be a mistake for our readers to conclude that 
with this varied equipment the Institute is prepared to 
give shop practice in welding. We have entirely dis- 
carded this point of view. We cannot train men for the 
practice of welding in industry. We expect in our 
theory courses and in our laboratory to familiarize the 
student engineer with the methods now used in welding 
and to make it possible for him to use his judgment in 
selecting the best method for his particular applications. 

In addition to its use as an attribute in the training of 
the undergraduate engineer, the laboratories will pro- 
vide opportunities for research in welding. Even those 
industries which are most advanced in their use of weld- 
ing lack knowledge sufficiently fundamental and accurate 
of the properties of the welded products with which they 
deal. In this we are cooperating with the Welding 
Research Committee of Engineering Foundation, through 
its able technical secretary, Mr. Spraragen. Funds 
amounting to $2100 have been provided by this Com- 
mittee for a research fellowship in welding. Mr. Robert 
L. Ringer, Jr., was appointed to this fellowship and began 
work on January first. One half of his time will be 
devoted to fundamental studies on various features of 
resistance welding and the other half to welding research 
in the field of copper and its alloys. A tentative outline 
of the program of the resistance welding research follows: 


PROGRAM OF RESISTANCE WELDING RESEARCH 
AT 
RENSSELAER POLYTECHNIC INSTITUTE 
WELDING LABORATORY 


1. Library research, to review existing literature and bring 
together all pertinent information, so as to avoid duplication 
of effort, as well as to determine what voids most need to be 


filled. 


Study of methods of testing welds, so as to set up a scale of 
criteria by which welds may be compared and specified. 
Library research in this study will be supplemented by per- 
sonal investigation in the field. 


to 


3. Study of the effect of the properties of electrode materials, 
such as conductivity, hardness and specific heat, and their 
relation to the properties of metals being welded. 


4. A study of surface contact resistances, both at room tempera- 
tures and elevated temperatures. Our initial efforts in this 
line will be at room temperatures. In order to study the 
surface contact resistance at elevated temperatures, we pro- 
pose two lines of approach. First, a simple direct current 
method applied to the contact surfaces after they have been 
heated by external means to various temperatures measured 
by thermocouples; and, second, a study of these contact 
resistances, the measurements being made oscillographically, 
using currents of the same order of magnitude as in welding. 


wm 


A study of the energy input into welds by various methods, 
such as electrical and calorimetric measurements. This will 
be correlated with measurements of the physical dimensions 
of the welds, so as to determine the energy supplied per unit 
of area for a given thickness of material. 


6. Microscopic examination of welds produced under defined 
conditions controlled as to electrode shapes, pressures, energy 
input and surface conditions. 
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The metals studied will include ferrous and copper alloys 
focussing our efforts on those materials of greatest industria] 
importance. 


We shall greatly appreciate suggestions and data bear- 
ing on the problems mentioned above, from any persons 
interested in these problems and having information 
available. We shall treat such data or its source con- 
fidentially if so requested. 

In the field of fusion welding, we anticipate the 
appointment of other fellows in the hope that we may in 
crease our knowledge of the effect of various alloy addi 
tions on the weldability of steels. Through these and 
other fellowships, we look forward to the time when the 
welding laboratory can offer real guidance in the funda 
mental problems of the industry. 


There is still another field of usefulness in which we 
canengage. We feel that we have the facilities for taking 
engineering graduates with a background in civil, 
mechanical, electrical or metallurgical engineering, and, 
in a year of graduate study, help them to prepare for 
work in the field of welding engineering. Many con 
cerns manufacturing products of metal and desiring to 
make the most effective use of welding have promising 
young engineers in their employ whom they should like 
to have handle this work. Many of them cannot be 
spared from their employment for a year of study. As 
a special service to industry in these cases, we propose 
to provide a four or six weeks period during our school 
year when men can be sent to us for concentrated train- 
ing and experience in welding; four weeks for a basic 
course and two additional weeks of laboratory or design 
experience if they can spare the time, possibly on prob 
lems of special concern to their employers. Of course 
the number of such men must of necessity be limited 
and the men must meet requirements of training or 
equivalent experience which we shall set up to insure the 
maintenance of proper standards for the course. We 
have been asked to set up such a course by engineers 
prominent in the welding industry. 


In conclusion, I should like to quote Dr. William O. 
Hotchkiss, President of the Rensselaer Polytechnic 
Institute and Dr. Matthew A. Hunter’s comment on 
Dr. Hotchkiss’ words, in a radio address in November 
1937. Dr. Hunter is the head of the Department of 
Metallurgy in which the Welding Laboratory is located, 
and it is in no small measure due to his vision and keen 
appreciation of the possibilities of such a laboratory that 
it has been brought into being. 


In an article on this subject widely circulated in the 
press on October 16th of last year, Dr. Hotchkiss wrote 
the following significant words: “Surprising as it may 
seem in this day of metals, we do not yet know how best 
to fasten them together. The expert welder is still 
more artist than scientist and even the greatest industries 
are without sufficient accurate knowledge as to what 
happens to the physical and chemical properties of the 
materials with which he deals.”’ 


Quoting Dr. Hunter’s comment, ‘‘The initiation of the 
welding laboratory in the Ricketts Building is an earnest 
attempt to fill these gaps in our knowledge. We propose 
to give our student engineers, who so desire, courses in the 
theory and practice of welding. As a second under- 
taking, we are initiating research under competent guid 
ance in various fields of welding and, as a third, we wil! 
offer to engineers who have already graduated an op 
portunity to return to study halls and receive an in 
tensive course. From these beginnings, we hope that 
the laboratory will offer a life of increasing usefulness t: 
engineers and to industry. 
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LAMINATED SPECIMENS FOR 





axon nrewves: Non-Destructive Testing 


N THE study of welded joints, and of the effects 

produced by flaws in materials, the desirability of 

constructing a specimen with a known flaw of defi- 
nite size at a given location has long been recognized. 
An actual flaw in a welded seam or in material is usually 
completely hidden and entirely surrounded by solid 
metal. Flaws may occur at any depth beneath the 
surface and may be of any size. A synthetic specimen 
for use in the study of the effects of flaws should be 
simple to construct, readily variable, easily reproduced, 
and of low cost. The artificial flaws contained in the 
synthetic specimen should reproduce the character- 
istics of actual flaws as closely as possible; viz. by 
being completely surrounded by good stock material, 
and by having the proper shape, size and location. 

The authors in connection with a study of welded 
seams! tried out a number of different types of specimens. 
Attempts to produce satisfactory specimens by making 
poor welds and by drilling holes in plates and bars to 
simulate defects proved unsuccessful. The study led 
to the development of a laminated specimen made of a 
number of strips of thin metal tightly clamped together. 

In these synthetic specimens, sheet or laminated 
material was used. A flaw of known size was made in 
one or more of the sheets by cutting or drilling. Then 
this defective sheet could be assembled in any desired 
position in a stack of good sheets or laminations. The 
resulting specimens proved very flexible, as both the 
size of the defect and its location could be changed at 
will. Furthermore, the flaw was entirely surrounded by 
stock material. One of the most important advantages 
of the synthetic laminated specimen is the possibility 
of varying one factor at a time; for example, the effects 
produced by a crack of a given size at different depths 
below the surface may be readily studied. 

The synthetic laminated specimens were investigated 
by means of X-rays and other non-destructive test 
methods.' This paper gives the results of a magneto- 
graphic study of the synthetic specimens. The photo- 
graphs show the variation in the iron filing pattern as 
the flaw size, shape and depth beneath the surface was 
varied in specimens of different materials, thickness 
and widths. 


SPECIMENS 


All of the laminated specimens used in this investiga- 
tion consisted of ten strips or laminations stacked one 
on top of the other and clamped tightly together. An 
artificial defect or flaw was made in one or more of the 
laminations, and this defective material was inserted 
at the desired location in the stack. This construction 
gave the effect of a solid bar with an internal defect and 
very closely simulated actual conditions in practice. 





* Contribution to Fundamental Research Division, Welding Research 
Committee. 
t Professor Electrical Engineering, The Johns Hopkins University. 
} Instructor in Electrical Engineering, Princeton University. 


Great care was taken to clean thoroughly the surface 
of the strips without causing any irregularities which 
would produce an appreciable gap between the lamina 
tions. The laminations were tightly clamped together 
with flat brass bars and brass C clamps as shown in 
Fig. 1. The pressure of the clamping devices reduced 
the air gap between the sheets, and measurements 
indicated that in the neighborhood of the flaw the maxi 
mum separation between laminations was of the order 
of one-tenth of a mil. 

In order to test the effectiveness of the clamping 
device, one specimen was sewn together by spot welding 
the strips into a solid stack. Tests made with this 
specimen gave results' that were identical with those 
obtained for clamped specimens of the same material. 

In order to determine the effect of the kind of material 
and dimensions, the specimens were made from the 
following sheet materials: 


Material Width Thickne Length 
Silicon (Electric Sheet) Steel 15 in ). 012 in 12 in 
Black Iron 1.75 in 030 in 12 in 
Black Iron 1.5 in 10 in 12 in 
Black Iron $0 in 10 in 12 in 
FLAWS 


The artificial flaws used were chosen to illustrate 
lack of fusion or cracks and blow-holes. The cracks 
were produced by cutting a slit one inch long in the center 
and at right angles to the long axis of a lamination. 
Slits of two widths were studied, one was 0.01 inch wide 
and was made by cutting a slit with a special hack-saw 
blade; the other was '/i, inch wide and was cut by 
means of a milling cutter. The cuts in no case extended 
to the edges of the lamination. In case of the 1! 





Fig. 1—Device Used to Clamp Laminated Specimens 
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Fig. 2—Blow-Holes 
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inch wide specimens there was a quarter of an inch of 
solid metal along each edge of the flaw. The amount 
of solid metal was correspondingly greater in the wider 
specimens. 

Blow-holes were imitated by drilling two or more 
strips with a twist drill of the proper diameter, so as to 
provide as nearly as possible a spherical void. The 
sketches in Fig. 2 show the cross sections of the three 
sizes of blow-holes used. The correct alignment of 
the blow-holes was assured by the insertion of a pin at 
one end of the laminations. Each blow-hole was in the 
approximate center of the strip. 


EXPERIMENTAL TECHNIQUE 


The laminated specimens were magnetized by means 
of electro-magnets to the required degree of saturation. 
For the smaller specimens a permeameter type magnet 
was used while for the large specimen a powerful elec- 
tro-magnet having a core cross section of 10.5 square 
inches supplied the magnetic flux. The inner edge of 
its core surfaces was separated by a gap of approxi 
mately four inches. 

After the specimen was made up with the flaw at the 


Electrical Sheet Stee! Specimens 


Flaw—slit 0.01 inch wide by 1 inch long 
en laminations in the stack 
Specimen 0.12 inch thick, 1.5 inch wide, 12 inches long 
Flux density B = 15,500 





Flaw 0.012 inch beneath Flaw 0.036 inch beneath Flaw 0.06 inch beneath 


surface surface surface 
. , 


Fig. 3 





desired depth beneath the surface, it was placed on t 
pole pieces of the magnet with the defect approximate! 
midway between the pole faces. A piece of whit 
paper, carrying the specimen number and other pert; 
nent data, was placed on top of the specimen. Then 
iron filings (200 mesh) were sprinkled uniformly over 
the paper. The current was turned on and the spe 
men magnetized to the desired degree of saturatio; 
When the specimen was gently tapped the iron filin; 
arranged themselves in a pattern which was phot 
graphed. Where visual inspection only was desir 
the paper was omitted, but its use greatly facilitat: 
the permanent recording of the filing patterns by photo; 
raphy. 

Photographic records were made of the iron filing 
patterns. The specimens were illuminated with two 
200-watt clear lamps. The photographs were tak 
on verichrome film, with an f 7.7 lens camera at 


saperature of 8. The camera was mounted 15 inches 


above the specimen and the exposure time was thre: 
seconds. 

‘he proper value of the magnetic flux density to giv 
a satisfactory pattern was determined experimentally 
for each kind of material and specimen studied. In 
general, the flux density should be high, especially for 
deep flaws. Too high a flux density, however, should 
be avoided as it will cause the iron filings to stand on 
end and to collect near the pole pieces and thus obscur 
the pattern. 


RESULTS 


In making the tests, it was desired to obtain a com 
parison of the changes produced in the iron filing pat 
terns by 

A. Variation of the depth beneath the surface of a 
given size of flaw. 

B. Variation of the flaw size. 

C. Variation of the shape or type of the flaw. 

D. Variation of the material. 

E. Variation of the width of a specimen for a flaw of 
given size. 

Each stack of whole laminations was checked for 
magnetic uniformity before being used to study the 
effects produced by the flaws. In making up the test 
specimens, where the effects of flaws of different sizes, 
types or distances below the surface were studied in a 
given material; the whole laminations or strips were 
retained in the same relative positions in the stack. 
The only change was in the position of the flaw strip. 
This procedure reduced any stray variations to a negli 


Thin Black Iron Specimens 
Flaw—slit 0.01 inch wide by 1 inch long 
: Ten laminations in the stack 
Specimens 0.3 inch thick, 1.75 inch wide, 12 inches long 
Flux density B = 19,000 





Flaw 0.03 inch beneath Flaw 0.09 inch beneath Flaw 0.18 inch beneath 
surface surface surface 
A 


( 
Fig. 4 
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Thick Black Iron Specimens 
v—slit 0.01 inch wide by 1 inch | 
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gible amount and made certain that the different iron A study of Fig. 6 and Fig. 7 shows clearly that the 
filing patterns obtained were caused by the changes in presence of the flawed lamination was evident in both 


the flaw. 

rhe iron filing patterns obtained with narrow flaws 
or cracks 0.01 inch wide by one inch long for the electric 
sheet steel and for two thicknesses of black iron are 
shown in Figs. 3, 4 and 5, respectively. Figs. 3A, 4A 
and 5A show the patterns obtained when the flaw lamina- 
tion is one lamination beneath the surface; the sub 
script ‘“B’’ applies to the condition that the flaw is the 
fourth lamination in the stack, and “C’’ when it is the 
sixth 

It is evident from a study of Fig. 3, 4 and 5, that it is 
an easy matter to detect the presence of the narrow 
flaw when it is close to the surface, and even when it is 
in the fourth layer from the surface especially in the 
thinner specimens. When this flaw is in the sixth layer 
beneath the surface, its detection was not possible. It 
is evident that for the range tested the iron filing pat 
terns are independent of the material provided the 
proper flux density is used. 

In Figs. 6 and 7 are shown photographs of iron filing 
patterns obtained for the same size flaw in specimens of 
two different widths. The flaw was '/;. inch wide by 
one inch long, and the specimen widths were 1.5 inch 
and 4.0 inches, respectively. In both specimens the 
laminations were 0.1 inch thick. 


Black Iron 1.5 Inch Wide Specimens 

slot '/16 inch wide by 1 inch long 

Ten laminations in the stack 

ypecimens 1.0 inch thick, 1.5 inch wide, 12 inches long 


Flaw 














Flux density B = 20,000 
A 
° 
‘i r>* ' : 
2 g *2 j 
Slrep agli , “% 
Pare © 
poem ee Se 
h a 4 4 
~ 
: 3 # 
' =: 
' = 
' co ~ | 
i aa | 
- ~ $ 
a 
. | 
— ~ oo ; 
«4A. 
aw 1 inch beneath surface Flaw 0.3 inch beneath surface 
Fig. 6 


NON-DESTRUCTIVE TESTING 


the narrow and wide specime: 
to detect the flaw in either specimen 
in the sixth strip beneath the surfaces 


It was not possible 
whet it was located 


\ comparison of the iron filing patterns of Fig. 5 and 
Fig. 6, which illustrate the effects of two different widths 
of cracks in specimens of the same material and overall 
dimension, show that there is little or no difference 
in the pattern produced b crack of different 
widths. 

Small blow-holes are very difficult to detect by the 
magnetographic method Chis 1s clearly illustrated by 


Figs 


8 and 9 which show thé patterns 


a '/, inch diameter blow-hole was lo 


produced when 
ated one lamina 


tion (0.1 inch) beneath the surface of black iron speci 
mens 1.5 and 4.0 inches wide, respectively 

The '/, inch diameter blow-hole could be detected in 
the 1.0 inch thick by 1.5 inch wide specimen of black 
iron when it was located at 0.3 inch beneath the 
surface as shown by Fig. 10. In the four inch wide 
specimen of the same material and thickness, its presence 


was also detectable. See Fig 

Che presence of the blow-hole one-half inch in diam« 
ter was very easily detected in th: inch wide black 
iron specimen even when it was located five good lamina 
tions (0.5 inch) beneath the surfac« In the four inch 


Black Iron 4 Inch Wide Specimens 


en laminat } ack 
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Fig. 7 





Black Iron Specimens 


Flaw—blow-hole '/s inch in diameter 
Specimens 1 inch thick by 12 inches long 
en laminations in each specimen 
Flux density 8B = 21,000 


Flaw one lamination (0.1”) beneath surface 
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Specimen 1.5 inch wide Specimen 4.0 inch wide 


Fig. 8 Figs. 9 


wide specimen of the same material and thickness, its 
presence caused only a slight distortion in the iron filing 
pattern when it placed three good laminations (0.3 inch) 
beneath the surface. 


WELDED SPECIMENS 


A number of photographs were taken of the iron filing 
patterns of poor welds. All of these welds were inten- 
tionally defective and showed either lack of fusion or 
porosity. Their iron filing patterns resembled in all de- 
tails those obtained with the laminated specimens. 
Two of the photographs obtained for these welds are 
given in Figs. 12 and 13. The material in both illustra- 
tions was '/,-inch mild flange steel plate and the welds 
were of the double-V butt type. The weld, Fig. 12, 
lacked fusion and in Fig. 13 the weld was porous. In 
these specimens the welder’s bead was removed before 
the photographs were taken. 

It is also interesting to note that the results obtained 
with the laminated specimens containing blow-holes 
check with those found in practice. 


CONCLUSIONS 


The synthetic laminated specimens are easy to con- 
struct, readily variable and reproducible. Artificial 
flaws of any desired size, shape and location may be 
constructed and their effects studied. They are hidden, 
and completely surrounded by solid metal. In speci- 
mens of this type it is a simple matter to investigate 
the effects produced by the variation of a single factor 
at a time; for example, the effect of the depth beneath 
the surface of a given size of flaw. 

When necessary, the laminations may be sewn to- 
gether by spot welding so as to produce a solid specimen. 
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Black Iron Specimens 


Flaw—blow-hole 1/4 inch in diameter 
Specimens 1 inch thick by 12 inches long 
Ten laminations in each specimen 
Flux density B = 21,000 
Flaw three laminations (0.3”) beneath surface 
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Specimen 1.5 inch wide Specimen 4.0 inch wide 
Fig. 10 Fig. 11 


Samples of Poor Welds 


Double “V" butt welds in '/« inch plate 
Material—mild flange steel! plate 
Welds machined flush 
Flux density B = 10,000 


WO 4-27-26 *) 
S wncere: 





Specimen WSA Specimen W6A 
Lack of fusion Porosity 
Fig. 12 Fig. 13 


Artificial flaws in these synthetic specimens reproduc« 
the characteristic iron filing patterns of actual flaws. 
The results obtained are independent of the thickness 
of the laminations and of the material from which they 
are constructed for the range covered by this invest 
gation. 

The laminated specimen provides a low cost tool for 
the study of the effects produced by many types 
flaws in different materials. 

1) Kouwenhoven, W. B., and Vivell, A. E., “An Alternating ( 


Non-Destructive Test for Welded Seams,’ Tot WELDING JouRNAI 
1937, page 47. 
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THE BEHAVIOR of WELD ED and BOLTED 








By FRIEDRICH KORBER and MAX HEMPEL 


Beam Column Connections in Static 
and Fatigue Bending 


Published in Mitteilungen Kaiser-Wilhelm-Institut Eisenforschung, 19 (19) ABH. 336, 273-287 (1937). 


(Verhalten von geschweissten und geschraubten Steifknotenverbindungen bei ruhender und 
wechselnder Biegebeanspruchung.) 


Extended abstract by G. E. Claussen* 


T THE suggestion of the Development Company 
A for Steel Buildings at Dusseldorf, Germany, tests 
were made on the stress distribution and yield 
phenomena under load in beams with specially stiff 
welded or welded and bolted column connections. 
The behavior of the connections under bending fatigue 
was also investigated using different average stresses. 
The specimens are listed in Table 1. Specimens G 0, 
G1, G2, K 1 and K 2 were designed as beams on fixed 
supports with a span of 19.7 feet and a uniformly dis- 
tributed load of 1880 Ib./ft. The beams were tested on 
supports about 39.4 inches apart with concentrated 
load in the middle. Specimens GO to G5 were tested 
statically to destruction. Specimens K 1 to K 6 were 
used for static tests in the elastic region and for fatigue 
tests to fracture. All parts of specimens G1 and 2 
(Figs. 1 and 2) were made of mild steel (minimum 
tensile strength: 52,000 Ib./in.*) The flanges of 
the beams are slit and the connecting angles inserted 
and welded to the beam. Instead of using a column 
between the beams, as would be done in practice, a 
plate was inserted and bolted by means of bolts with 


* Research Assistant, Welding Research Committee 


1'/, inch or 7/, inch and l-inch thread. The flanges 
of GO were slit for a distance of 5.36 inches, which was 
reduced to 3.94 inches for G2 and A 1, and to 3.78 
inches forG land K 2. After the static test to destruc- 
tion on connection GO the flanges of the remaining 
beams, which were weakened by slitting, were rein 
forced by fillet welds on the inner side of the flange. 

Specimens of type G3, Fig. 3, were welded in ac- 
cordance with German Standard DIN 4100. Specimen 
K 4 was welded with a covered high-current electrode, 
the penetration being 0.24 inch. A dipped electrode 
was used on specimens G3, K 3, K 5 and K6. The 
welds in these four specimens were in accord with DIN 
4100; that is, the throat was 70% of the thickness 
joined, the permissible stress in the web and flanges 
being about 20,000 Ib./in.,* the permissible stress in 
the welds being about 10,000 Ib./in.? 

Static tests were made in a 1,100,000 Ib. capacity ma 
chine. A Losenhausen Pulsator (maximum static load 
of 165,000 Ib., see Pomp, A. and Hempel, M., Mzit. 
KWI Eisenforsch., 15, 247-254 (1933)) was used for the 
fatigue tests. Huggenberger tensometers (0.79-inch 
gage length, magnification 1000) were applied to 
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Fig. 1—Dimensions of Specimen G 1 
A = welded insert, mild steel, 0.39 inch thick E = weld 
8 = end view F = bolts, d = 1'/s inches, mild stee 
© = insert plate, mild steel, 0.98 X 8.7 inches G = slitting of the upper end lower flanges the mild steel | beam, / 28 


4 angles, mild steel, 0.55 X 3.9 X 5.9 inches 
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Fig. 2—Dimensions 


welded insert 

end view 

insert plate, mild steel, 0.98 * 8.7 inches 

4 angles, mild steel, 0.55 K 3.9 X& 5.9 inches 
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Table 1—Specimens Used in Static and Fatigue Tests 


Designation Kind of Beam and Connection See Fig. 
GO IP 20, beams with welded connecting similar to 


angles; the beams are bolted by means of Fig. 2 
12 bolts (7/s inch) to a connecting plate 

G1 I 28, beams with welded angles; the l 
beams are bolted by means of 8 bolts 
(1!/s inch) to a connecting plate 

G2 IP 20, beams with welded angles; the 2 
beams are bolted by means of 12 bolts 
(1 inch) to a connecting plate 


G3 IP 20, beams with welded connecting 3 
plate! 

G 4 I 28, continuous beam 

G5 IP 20, continuous beam 

Kl IP 20, like G 2 2 
K2 I 28, like G 1 l 
K3 IP 20, like G 3! 3 
K4 IP 20, like G 3? 3 
K5 IP 20, like G 3! 3 
K6 IP 20, like G 3! 3 

1. The ends of the beams were chamfered before being welded 


to the connecting plate. A special electrode was used, and the 
rules of German Standard DIN 4100 were adhered to. 

2. The ends of the beams were not chamfered before being 
welded to the connecting plate. A special electrode was used, 
and the rules of German Standard DIN 4100 were adhered to. 


IP 20 = H section, height = 7.9 inches, width of flange = 7.9 
inches, thickness of web = 0.39 inch, thickness of flange = 0.63 
inch, 43.5 Ib./ft. 

I 28 = I section, height = 11.0 inches, width of flange = 4.7 
inches, thickness of web = 0.40 inch, thickness of flange midway 
between edge and center line of web = 0.60 inch, 36.3 Ib./ft. 


webs and flanges. Readings were calculated to stress 
without the aid of Poisson’s ratio unless measurements 
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Fig. 3—Dimensions of Specimen G 3 
H beam, /P 20, mild steel 
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of Specimen G 2 
E = weld 
F = bolts, d = 1 inch, mild steel 
G = slitting of the upper and lower flanges of the mild steel H beam, IP 2 


at right angles at a given point were available. Dial 
gages sensitive to 0.0004 inch were used for measuring 
deflection. 


STATIC STRAIN AND DEFLECTION TESTS 


Static strain and deflection measurements on « 
tinuous beams G5 (// section) and G4 (J sectior 
and on connections K 1, K2 and K 8 are shown in 
Figs. 4 to 8. Part A in each diagram shows the d 
flections. Part B shows the longitudinal strains (and 
partly also the transverse strains) at the edge of th 
tension side of the lower flange. Part C shows the 
longitudinal strains at the edge of the compression sid 
of the upper flange. Part D shows the longitudinal and 
transverse strains over the width of the flange. Part FE 
shows the longitudinal strains over the width of the web, 
and Part F shows the transverse strains over the widt! 
of the web. 

In all cases the deflections did not tend to become zer 
at the supports because the table of the testing machin 
was not sufficiently rigid (see Fig. 11). For this reason 
the deflections curves are qualitative and cannot b 
used for stress calculations. 

The longitudinal strains for K 1 have about the sam 
form, Parts B and C, Fig. 7, on both upper and lower 
flanges. On the other hand, in specimen K 2, although 
the longitudinal strains on the upper flange are reduced 
by the inserted, welded angle, the longitudinal strains 
on the lower flange increase steadily with distance from 
supports. In the all-welded specimen K 3 the longi 
tudinal strains (Parts B and C, Fig. 9) in the upper and 
lower flanges are of about the same magnitude. Only 
in the immediate vicinity of the weld do tue strains 1 
crease, which is an indication of distorted stress dis 
tribution. The Huggenbergers had too long a gag 
length for determining accurately the peak stress 
the junction of weld with beam. 

The strains across the width of the flanges, Part D 
Figs. 4 to 8, are higher near the web than at the flanges 
and increase as the distance from the supports is 1 
creased. Obviously the transverse strains are smal 
in comparison with the longitudinal strains. It wa 
impossible with the Huggenbergers to determine th« 
distribution of strain at the junction of weld with we! 
from upper to lower flange, nor can it be stated whether 
the position of the neutral axis changed under load 
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Dercectrion, 4™ 


The longitudinal and transverse strains in the web of 
the continuous beams, Parts # and F, Figs. 
at mid-span were exceptionally large as a result of the 


concentrated load. The zone disturbed by the con- 
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Fig. 5—Strain Measurements on Specimen G 4 
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deflection at edge of tension side 
of lowerflange. See note to Fig. 4, 
Part A on insufficient rigidity of test 
ng machine 


X = 22,000 Ib 
Y = 44,000 Ib 
7 = 66,000 Ib 


ngitudinal strain at edge of tension 
side of lower flange 
longitudinal strain at edge of com 
pression side of upper flange 
ongitudinal and transverse strains, 
€i and €g, respectively, over the 
width of the flange at P = 66,000 
b., tension side of lower flange 
longitudinal strain over the height 
of the web at P = 66,000 Ib 
transverse strain over the height of 


the web at P = 66,000 Ib 
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Fig. 4—Strain Measurements on Specimen G 5 
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is plotted because the transverse strains behaved ac- 
cording to expectations. 
reinforced zone compared with the unreinforced are at- 
tributed to the stiffening effect of the welded angle. 
Unfortunately, equipment was not available for measur- 
ing the peak stresses close to the welds, especially at the 


edge of the lower and upper flanges. 


The smaller strains 


in 


the 


Nevertheless 


there are clear indications from the Huggenberger 
measurements that stress peaks may be expected. 
results show that the strains are closely related to the 
shape of the specimen and that the application of a con- 


centrated load creates disturbances, 


continuous beams. 


The 


especially in the 
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GO 
distance between 


supports was 


40.4 


inches. 
The first permanent strain occurred at 132,000 Ib. as a 








result of shear in t 
216,000 Ib. 


he web. 


of weld with tension flange at the end of the slit in th 


flange 


| 


slightly 


The bending moment at the plane between connecting 
plate and connecting angle at maximum load was calcu 


lated to be 2,120,006 
of 58,300 Ib./in.? 


47,000 Ib. /in.? 


Specimen G1 


) inch Ib., 


The first permanent strain occurred in the web \ 


the supports at a load of 154,000 to 16! 


load of 183,000 Ib. 


Specimen G2 


5,000 Ib. Al 


the web buckled over the supp 


Elastic strain measurements up to a load of 121, 


WELDING RESEARCH SUPPLEMENT 


MARCH 





deformed. 


The maximum load was 
Two cracks were formed at the junction 


All other welds remained sound and the bolts 


and connecting angles were only 


corresponding to a stress 
The stress at the point of fractur 
(13.8 inches from the support) was calculated t 
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lb. are shown in Fig. 9, which are comparable with 
those obtained on a similar specimen, K 1, Fig. 6. The 
maximum in the strain readings, Part B, at location 2 
is more pronounced in Fig. 9 than in Fig. 6. 

Flow lines appeared on the whitewashed surface of 
specimen G2 on the compression side of the upper 
flange (Fig. 10(a)), at a load of 141,000 lb., and on the 
tension side of the lower flange at a load of 165,000 Ib. 
At a load of 148,000 Ib. flow lines appeared in the web 
of the beam, Fig. 10(b). The test was discontinued at 
227,000 Ib. when a crack about 1 inch long appeared in 
the weld on the tension side of the lower flange. 


Specimen G3 


lhe results of elastic strain measurements up to a load of 
110,000 Ib. are shown in Fig. 11. Comparison of the 
total strains (Part B) of G3 at a load of 44,000 Ib. with 
the corresponding values for specimen K 3, Fig. 8, shows 
that the strains at the junction of weld with beam (gage 1) 
exhibit the same irregularity. The deflections were 
about the same in both specimens, taking into considera 
tion that a more rigid testing table was used for speci 
men G 3 than for K 3. Ata load of 112,000 Ib. flow lines 
appeared in the web, which are shown in Fig. 12(a) 
lor a load of 114,000 Ib. The first flow lines appeared 
in the flanges a little above 132,000 lb. Fig. 12(d 
shows the flow lines on the compression side of the 
upper flange, and Fig. 12(c) the flow lines on the tension 
side of the lower flange at a load of 136,000 lb. At 

90,000 Ib. a sudden increase in deflection of one-half 
ol the beam was noted. Fracture occurred at 140,000 
lb., the crack starting in the weld joining connecting 
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plate to beam on the tension side of the lower flange. 
The increased deflection of one-half of the beam may 
have been due to a greater flexibility of this half or to a 
weak spot in the welding on this hall 

The results of the static rupture tests on specimens 
G 0 to G 5 are summarized in Tabl Stress was calcu 


lated by means of the formula S 1/W- P/2-L/2, 
in which L/2 is the distance from support to junction 
of beam with weld on the tension side of the lower 


flange, the section modulus W being that of the un 
welded beam. 


The beams used in this investigation are capable of 


withstanding large bending moments ./,, and are cus 
tomarily used in spans of 12.7 to 19.1 feet, so that the 
permissible moment at maximum load is M,/4. At 
smaller spans higher loads are necessary to utilize the 
available moment resistance In this investigation 


with a span of 3.3 feet the load may be increased four 
fold. However, the shear stresses then 
nificant, and account for the appearance i 
of flow lines at 45 


become sig 
the flanges 


Che static tests on Specimens G 0, G1 and G2 show 
that the mild steel bolts were adequate, only slight 
deformations of the bolts occurring in the tension zone 


rhe yield of specimen G 3 occurred in the web at a stress 
of 28,700 Ib. /in.,? and in the flanges at a stress of 33,700 
lb. /in.? The stress at fracture wa 56,300 Ib. /in.? 
Che vield strength and tensile strength of the mild steel 
of which the girders were composed are 32,/00-38,400 


Ib./in.2? and 51,200—57,000 Ib./in.,* respectively rhe 
relatively low strength of specimens G4 and G5 are 
occasioned by the unfavorable conditions of test 
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Fig. 9—Deflection and Strain Measurements on Specimen G 2 in Large Testing 
(1,100,000 Lb. Capacity) Prior to Static Rupture Test 


Part A = deflection at edge of tension side of lower flange 
000 Ib 


= 


= 66,000 Ib 
X = 77,000 Ib 
Y = 99,000 Ib 
= 121,000 Ib 
Part B = longitudinal strain at edge of tension side of lower flange 


FATIGUE TESTS 


The fatigue tests were made in a pulsator of 165,000 
Ib. capacity at 450 cycles per minute. In some tests 
the same specimen was subjected to increasingly higher 
loads. Consequently, it is possible that the fatigue 
strength of the welds was increased. David's work 
(Schalltechn., 5, 35-40 (1932); see also Bausch, W., Z. 
techn. Physik, 16, 593-597 (1935)) showed that in build- 
ings the fatigue loads due to traffic vibrations, etc., are 
relatively small and are superimposed on the static 
working loads. In bridges, on the other hand, the sum 
of static and fatigue stresses must not exceed the per- 
missible stress. For the first tests, therefore, the pul 
sating load was made 50% of the static load. 


Specimens K3 to K6 


If the permissible stresses for mild steel, 19,900 Ib./in.* 
for the steel and 10,000 Ib./in.? for the welds, are used 


5, 
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Fig. 10—Formation of Flow Lines on Specimen G 2 Under Static 
Load in Large Testing Machine (1,100,000 Lb. Capacity) 


{a) Flow lines on the compression side of the upper flana 
the beam 
(b) Flow lines on the web of the beam 


Machine 


in calculating the upper load P, for specimens K 3 to 
K 6, it works out that Py (beam) = 73,300 Ib. for the 
H section JP 20 and P», (weld) = 45,600 Ib. for the weld 
which has a section modulus of 46.3 in.* Since the be 
havior of the weld is the object of study, the pulsating 
load for specimen K 3 was chosen as '/; P». 

Details of the tests are given in Table 3. Stresses 
were calculated by means of the formula S = 1/W-P/2 
Lo/2, in which L)/2 is the distance from the supports 
to the junction of weld with beam on the tension side of 
the lower flange, where fracture originated, except ir 
specimens K 1, K2 and K4. The results for spe 
mens K 3 to K 6 are plotted in Fig. 13. The yield 
load of specimen G 3, Table 2, is used as the end of the 
fatigue loop in Fig. 13. The pulsating bending fatigue 
strength (range ratio = 0) is 10,800 Ib./in.? for these 
specimens. If the average stress is increased to 12,800 or 
25,600 Ib./in.,* the range of pulsating stress is decreased 
to 8500 or 4300 Ib./in.,* respectively. It should be 





Fig. 11—Deflection and Strain Measurements on Specimen 
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Fig. 12—Formation of Flow Lines on Specimen G 3 Under Static Load in Large Testing on My 
Machine (1,100,000 Lb. Capacity) . 
3) Flow lines on the web of the beam, P = 112,000 Ib 
6b) Flow lines on the compression side of the upper flange of the beam, P 136,00 
Flow lines on the tension side of the lower flange of the beam, P= 136,000 Ib 


observed that the loop drawn in Fig. 20 is on the safe 
side of the plotted experimental results. 

The results on specimen K 4 are too meagre to show a 
difference (if any) in fatigue strength between the welds 
made with and without chamfered edges. Yield under 
static load occurred at about 28,200 Ib./in.* in specimen 
K 4. There appeared to be no essential difference in 
fatigue strength between specimen K 4 and specimens 
K 3, K 5 and K 6. A , ad = 

[he fractured fatigue specimens are shown in Figs Fig. 15—Fatigue Fracture of Specimen K 4 
14 to 17. The fracture in specimen K 3 (Fig. 14) ex Lower loed = 8€ 
tended along the weld across the entire width of the 
flange. In specimen K 5 (Fig. 16) the fracture occurred 
along the weld on the tension side of the lower flange , 
and extended through the flange into the web. At the 
end of the fatigue test on Specimen A 6 (Fig. 17) there 
was merely a crack 2 inches long in the weld on the 
tension side of the lower flange (after 1,845,000 cycles). 
To increase the size of the crack the static load was 
increased to 108,000 Ib. The length of the crack was in 
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Fig. 13—Fatigue Strength Diagram for Specimens K 3, K 5 and K 6 (H Beams /P 20 
with Welded Connecting Plate) 
yield stress of specimen G 3 = 112,000 Ib. = 28,700 Ib 
B = pulsating stress, Ib./in.? 
= pulsating load, Ib 
D = average stress, |b./in.* _, “Upper toed vx 
E = average load, |b f y 
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Fig. 17—Fatique Fracture of Specimen K 6 
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Beginning of Yield 


Lb./In.? 


Stress 


25,000 


34,400 


27,600 


28,900 


32,300 


28,700 


33,700 


15,700 


26,900 
35,300 


Origin 


web of beam 


web 


compression side 


of 


beam 
over support 


of upper flange 
web of beam 


tension 


side 


lower flange 
web of beam 


upper and lower 


flanges 


web of beam 


web of beam 


upper and lower 


flang 


es 


of 


Table 2—Results of Static Rupture Tests: Yield and Rupture Loads 


Rupture of Specimen 
Maximum 


Maximum 
Load, Lb. 


216,000 


183,000 


216,000 


142,000 


119,000 


136,000 


Stress, 


Lb./In.* 


Remark 


41,000 Short cracks i; 
welds on the 1- ; . 
sion side of 
lower flang: 
41,000 No fracture; web of 
beam bu ; : 
Over one sup] ; 
44,400 Short cracks i ; 
welds on the 
sion side of 


36,200 


35,600 


37,000 





lower flanges 


Fracture in weld 
junction betw 
weld and bea: 
tension ide 
lower flange 

Buckling of wet 
der 
load 

Buckling of web un- 
der concentrated 
load 


concentr 





Section 
Modulus 
of Beam, L/2 Load, 
Specimen Type In. Inch Lb. 
GO IP 20 welded angle, 12 bolts 36.3 13.8 132,000 
G1 _ IJ 28 welded angle, 8 bolts 33.0 14.8 154,000 
G2 IP 20 welded angle, 12 bolts 36.3 14.2 141,000 
148,000 
165,01 18) 
G3 IP 20 welded plate 36.3 18.5 112,000 
132,000 
G4 IJI28 continuous beam 53.0 19.7 53,000 
G5 IP 20 continuous beam 36.3 19.7 99,000 
130,000 
Table 3—Results of Fatigue Tests. Span = 
Ww 
Section Pulsating 
Modulus 
Speci Type of of Beam L,/2! Upper Load Lower Load 
men Specimen In. Inch Lb Lb./In.? Lb Lb./In. 
K 1 IP 20 welded 36.3 14.2 108,000 21,000 88,000 17,400 
angle, 12 volts 108,000 21,000 66,000 12,900 
(1 inch) 44,000 8,700 4,400 850 
33,000 6,500 4,400 850 
K 2 I 28 welded 33.0 14.8 108,000 24,200 88,000 19,600 
angle, 8 bolts 33,000 7,400 4,400 1,000 
(11/s inch) 26,500 5,800 4,400 1,000 
K 3? IP 20 welded 36.3 18.5 46,000 11,800 29,600 7,500 
plate 66,000 16,900 49,500 12,700 
108,000 27,600 91,500 23,400 
66,000 16,900 33,000 8,400 
108,000 27,600 63,800 16,200 
K 4! IP 20 welded 36.3 18.9 106,000 27,600 88,000 22,900 
plate 
K §? IP 20 welded 36.3 18.5 33,000 8,400 4,400 1,100 
plate 44,000 11,200 4,400 1,100 
55,000 14,100 4,400 1,100 
K 6! IP 20 welded 36.3 18.5 81,000 20,800 59,000 15,200 
plate 92,000 23,600 59,000 15,200 


O = not broken. 
X = broken 


1 Io/2 
2. The ends of the beams were chamfered before being 
DIN 4100 were adhered to. 


39.4 Inches. 


Tensile Load 


2 


Average Load 


Lb 
98,000 
87,000 
24,200 


18,700 


98,000 
18,700 
15,500 
37,800 
57,800 
99,800 
49,500 
85,900 
97,000 


18,700 
24,200 
29,700 
70,000 
75,500 


Concentrated Load at Mid Span 


Pulsating Load 


Lb./In.? Lb 
19,200 20,000 
16,900 42,000 
4,700 39,600 
3,700 28,600 
22,100 20,000 
4,100 28,600 
3,400 22,100 
9,700 16,400 
14,800 16,500 
25,500 16,500 
12,700 33,000 
21,900 44,200 
25,300 18,000 
4,800 28,600 
6,100 39,600 
7,600 50,600 
17,900 22,000 
19,400 33,000 


3. The ends of the beams were not chamfered before being welded to the connecting plate. 


DIN 4100 were adhered to. 
a. 


Lb./In.? 
3,800 
8.100 
7,800 


5,600 


4,400 
6,400 
5,000 
4,300 
4,300 
4,300 
8,400 
11,200 
4,600 


7,300 
10,100 
12,900 

5,700 

8,400 


= distance from supports to junction of weld with beam on the tension side of the lower flange. 
welded to the connecting plate. 


9 


0 
0 


) 


_ c 


Ont tto 


ho Orto 


Number 
of Cycles, 
Millions 


200 
170 
423 


505 


490 
245 
176 
199 
505 
057 
070 


884 2 
444 X 


013 
.916 


739 2 


426 
845 


A special electrode was used « 


A special electrode was used 


b Bolts according to specification Si C 45.61 (heat treated) supplied by Bauer & Schaurte, Neuss 








creased to 4*/, inches, and flow lines 
white-washed surface of the web of 


appeared on the 


the beam. The 


fatigue crack in the specimen with the chamfered ends 
before welding (K 4, Fig. 15) originated in the weld on 
the tension side of the lower flange and propagated 


across the entire width of the flange. 


The flow lines 


appearing in the web of the fractured specimens K 3 
and K 4 (Fig. 15) were caused by overloading of the 
weakened beam after the fatigue crack formed. 


Specimens K 1 and K 2 


These specimens fractured in the bolts during the 


fatigue test. 


The welds and beams were not fractured. 


The results for specimen K 1 are shown in Fig. 18. 


30 


Bolts according to specification Si 37 (mild steel), supplied by A. Klénne, Dortmund; see Fig. 19 (a). 
see Fig 


19 


h 


O 
xX 
Xx 


X 


X 
X 
X 
Oo 
Oo 
O 
Oo 


0 
0 


0 
X 


Fracture started at ji 


\a) 
(a) 


Remarks 
4 bolts broke in threads 
(6) 2 bolts broke, 1 iz 
threads, 1 in shank 
b) 4 bolts broke, 


threads, 1 in shank 


(a) 2 bolts broke in threads 
(b) 2 bolts broke in shank 
(6) 3 bolts broke in shank 
Fracture started at junctior 


of beam with weld 
tension side of lower flange 


First flow lines appeared at 
’ 


a load of 108,000 | 
Fracture occurred through 
middle of weld on tensior 
side of lower flange 


Fracture started at junction 


of beam with weld on te: 
sion side of lower flange 
inction 
of beam with weld on tea 
sion side of lower flange 


and the rules of German Standard 


and the rules of German Standard 


4 


The first fatigue tests on the welded and bolted speci 
mens K 1 and K 2 were made with bolts of the typ 


shown in Fig. 19(a). 


The bolts fractured in fatigue 


the tension zone of the beam, the bolts in the lower part 
of the tension zone being particularly affected. Th 
premature failure of the bolts is attributed to the notc! 
effect created by the threads. 

Accordingly, additional fatigue tests on specime! 
K 1 and K 2 were made with bolts made of heat-treat« 


steel (St C 45.61), shown in Fig. 19(0). 


To decreast 


the bending stress on the body of these bolts, they we: 
surrounded by split bushings on the unthreaded portio: 
Nevertheless, the results in Table 3 show that the 
special bolts did not improve the fatigue strengt 
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tigue failure occurred in the highly stressed bolts in 
the tension zone; 7 fractured in the body of the bolt, 
t fractured in the threads. The stresses given in Table 
for specimens K 1 and K 2 were calculated by means 
the formula S = 1/W-P/2-L,/2, in which L)/2 is 

distance from the support to the junction of beam 
with weld (welded angle). The section moduli were 
se of the beams. Pomp and Hempel (Mitt. K. W. I. 
Risenforsch., 18, 205-215 (1936)) have shown that the 
direct-stress fatigue strength of 1 inch and 1'/;-inch 
bolts of the types shown in Fig. 19(a) and (6),.(St 37 
and heat treated St C 45.61) is independent, to a large 
extent, of the average stress and is only +4300 to +5700 
ib. /in.2 lower than that of unthreaded bars of the steels. 
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Fig. 18—Fatigue Strength Diagram of Specimen K 1 (H Beam /P 20 with Welded 
Angles Bolted to Connecting Plate by Means of 12 Bolts). The Fatigue Failures Oc- 
curred in the Bolts (X = Experimental Points) but the Welds Did Not Fail 


A = yield load of specimen G 2 = 141,000 |b 
} == pulsating load in Ib. 
C = average load in |b 


The Relief of Residual Strains 
and Stresses in Edge-Welded 
Mild Steel Plates 


By H. E. LANCE MARTIN, B.Sc.! 


(From Institute of Welding Transactions, Vol. 1, 


No. 1, pp. 44-51, dan. 1938.) 


SYNOPSIS 


HE four experiments, briefly described in this 
work, complete the third series in the general 
investigation into the nature, magnitude and 
distribution of the residual strains and stresses induced 
in edge-welded mild steel plates. 
The experiments relate to: 

|) The residual strains and stresses in a mild steel 
plate 18 in. by 6 in. by */; in. hand-welded simultaneously 
along its two longitudinal edges. 

2) The effect of annealing a self-strained mild steel 
lrame the initial stresses in which were known to be well 
within the elastic limit of the material at normal tem 
perature. 

(3) Determination of the total residual stresses in 
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Fig. 19—Dimensions of the Two Types of Bolts Used in the Tests 
(a) Mild steel 


(b) Heat treated St C 45.61 4 B Mn mex 35 Si mex., tensile 
strength = 93,0 107 Of t n.,* y 1 strengtt 500 It n.3, 
min.) 

SUMMARY 


The static load-deflection lines of the specimens are 
only qualitative because the table of the testing machine 
yielded under load. Although only extensometers of 
0.79-inch gage length were used, irregularities in the 
strain distribution in the welded specimens were de 
tected at the edges of the upper and lower flanges, which 
indicated the existence of local stress concentrations at 
the junction of weld with beam The measurements 
also show that the strains depend the shape of the 
specimen and that concentrated load materially affects 
the results, particularly in the continuous beams. 
Fatigue tests brought the Weld destruction in the 
column sections with welded connecting plate, but 
brought the bolts to fracture in the combined bolted and 
welded specimens 


an initially annealed mild steel plate, 18 in. by 6 in. by 
$/.in., single edge-welded. 

(4) Effects on the residual strains and stresses of 
applying external tensile loads to double edge-welded 
3 in. by */s in. by 12 in. mild steel plates. 

The main conclusions are 

(1) The inclusion of an additional row of gage marks 
on the specimen perpendicular to the two welded edges 
permitted more accurate determination of residual 
welding stresses perpendi ular to the welded edges and 
has been fully justified by the results obtained 
2) From the experimental point of view, it is im 
possible to obtain complete relief of the whole elastic 
portions of the residual strains edge welded plates 
by the subdivision method, but that good estimates of 
the real strain recoveries and therefore of the total 
residual stresses may be reduced from the experimental 
data. 

(3) It is not experimentally possible to determine 
the amount of stress relief in a self-strained body by 
means of strain measurements made before and after 
annealing. 

4) The residual strains and stresses in edge-welded 
mild steel plates are permanently reduced in large mea 
sure by the application and withdrawal of relatively 
small external tensile loads. 

(5) The residual strains and stresses in edge-welded 
plates after a number of years become more stable as 
regards their magnitude and distribution 
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(Continued from page 1) 


will be given over to papers on Funda 
mental Research problems emanating 
from the various universities. A number 
of important papers have been promised 
for both sessions 


Cooperation with British Welding 
Research Committee 


Efforts are being made to establish 
complete cooperation and to arrange an 
interchange of information with the 
Institute of Welding of Great Britain 
To this end the Welding Research Com 
mittee has made arrangements to supply 
the Institute of Welding with copies of its 
Research Supplements, and in turn will 
receive a number of copies of the British 
reports. The Welding Research Com 
mittee will make these foreign reports 
available to its committee members and 
contributors 

The significance of this arrangement 
can be easily appreciated when one 
realizes that some $40,000 will be spent 
on welding research by each of these or- 
ganizations annually. The closest possible 
cooperation will undoubtedly prevail, and 
there will be an exchange of programs, 
translations and plans. Inquiries should 
be addressed to the Welding Research 
Committee, 29 West 39th Street, New 
York. 


New Subcommittee Appointed 


The A. S. M. E. Boiler Code Committee 
is planning to extend its Rules and Regu 
lations in connection with the welding of 
pressure vessels to include non-ferrous 
metals. The present rules relating to 
various materials can only be applied 
in part to the non-ferrous group. A 
great deal of research will have to be 
carried out to secure the information 
needed. The A. S. M. E. turned to the 
Welding Research Committee to cooper 
ate in securing this information. The 
work was assigned to the Industrial 
Research Division and Colonel G. | 
Jenks appointed a committee, with C. W 
Obert as Chairman, G. O. Hoglund, 
O. B. J. Fraser and H. C. Jennison as 
members. Additional members will be 
added from time to time 


Stresses and/or Distortions in Welds 


The Fundamental Research Division 
through its Chairman, H. M. Hobart, 
is conducting a national survey to secure 
information on this subject. A ques 
tionnaire has been prepared to facilitate 
securing the information needed. All 
who have data on either or both of these 
subjects are requested to write to Mr 
H. M. Hobart, Chairman, Fundamental 
Research Division of the Welding Re 
search Committee, 29 West 39th Street, 
New York, for a copy of the questionnaire 
The results will be summarized and 
published from time to time in the Weld 
ing Research Supplements. The first 
report will probably appear in the next 
issue. 
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Fundamental Research Conference 

Another conference of professors in- 
terested in Fundamental Research work 
in welding is scheduled for Tuesday, 
October 18th, in Detroit, at the time of 
the annual meeting of the AMERICAN 
WELDING Society and the National Metal 
Congress Exposition. 


Symposium on Impact Testing 

A joint symposium of the A. S. T. M 
and the Welding Research Committee on 
Impact Testing with special reference to 
Welded Joints will be held in Atlantic 
City during the annual convention of the 
A.S. T. M. the latter part of June. This 
work is in charge of a committee of the 
Industrial Research Division under the 
chairmanship of Professor M. F. Sayre of 
Union College. Eight outstanding papers 
have already been pledged. 


Welding Symposium 


A Welding Symposium will be held at 
The Hague, Holland on May 4th and 5th, 
1938. The Symposium will consist of 
technical sessions and an exposition by 
welding firms. The following papers 
will be presented: 

Welding High Strength Steels by Dr 
W. F. Brandsma 

In What Respects Is Aging of Weld 
Metal Important and What Serious Effects 
May Be Expected? by J. J. P. Cattel 

Applications of Spot and Seam Welding, 
by M. H. Damme, Jr. 

Organization of Welding in Construc 
tion, by J. Schreuders. 

The Safest Methods of Gas Welding 
Small Pressure Vessels, by P. B. Vos 

The secretary of the Symposium is G 
DenHertog, Stadhouderslaan 102, The 
Hague, Netherlands. 


New Welding Magazine 


The Rumanian Society for the Pro- 
motion of Welding, of which C. C. Teo- 
dorescu is President, has issued the first 
number of its new welding magazine en- 
titled Sudura and dated Jan. 1, 1938. 
The magazine will be published quarterly 
and is edited by Dr. R. Radulet whose 
address is Cercul pentru Incurajarea 
Sudurii, Piata Coronini, 11, Timisoara 
II, Rumania. The subscription rate is 
300 lei annually. Among others, the ad- 
visory board contains the names of Dr. 
C. Miklosi and Dr. P. Andronescu. 

The first issue consisting of 36 pages 
contains the following articles: 

Factors Determining the Fields of Ap- 
plication of the Different Welding Proc- 
esses, by Dr. C. Miklosi. 

Nomograph for the Flow of Acetylene 
Through Pipes Under Pressure 

Some Applications of Arc Welding to 
the Construction of Electric Power Trans- 
mission Line Towers, by D. Deheleanu. 

Details of Welded Construction in the 
Boiler Plant of the Electric Power Station 
at Timisoara, Rumania. 

Brief Abstracts of 
Literature (3 pages). 


Recent Welding 
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Description of an Introductory ( 
in Arc and Oxyacetylene Welding 

Physical Principles of the Electri: 
by Dr. R. Radulet. 
of 14 pages.) 


(Elementary artic}, 
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A.S. T. M. Index 


The latest edition of the Index to A 
T. M. Standards and Tentative St 
ards gives information on all of the 822 
standards as of January 1, 1938. 17 
Index is of service to any one wishing 
ascertain whether the Society has issued 
standard specifications, test methods or 
definitions covering a particular engin 
ing material or subject and it is of hel; 
in locating the standards in the volume 
where they appear. 

All items are listed in the Index under 
appropriate key-words according to th: 
particular subjects they cover. As a 
convenience a list is given of the specifica 
tions and tests in numeric sequenc: 
their serial designations 

Copies of this publication are furnished 
without charge on written request to 
A.S.T.M. Headquarters, 260 S. Broad St., 
Philadelphia 


The Institute of Welding 


We offer our sincerest congratulations | 
The Institute of Welding of Great Britair 
on its new Transactions. The first is 
dated January 1938 is a very attractive 
well-balanced number. We reproduc: 
Table of Contents below: 
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Sparr, Emil (B), Genesse Bridge Co., 
Inc., 344 West Ave., Rochester, N. Y 
Thompson, Bruce (D), 128 Merrill St., 

Rochester, N. Y. 


SAN FRANCISCO 
Carlson, C. L., (C), Attn. Library, Crock- 
ett, Calif. 
SOUTH TEXAS 


Irvin, J. L. (C), 6418 Auden Ave., Hous- 
ton, Texas. 


Rochester, 


American 
110 Buffalo 


TOLEDO 


Mclver, G. W. (C), Toledo Edison Co., 
Toledo, Ohio. 


THE WELDING JOURNAL 


WASHINGTON, D. C. 
Currell, John W. (D), 521 Fourth St. x 
W., Washington, D. C. ; 
Foss, F. F. (B), Wheeling Steel Co; 
Wheeling, W. Va. 
Morris, T. C. (B), The Solvay P; 
Co., Nitrogen Division, Hopewell] 
White, Allen O. (C), General Electri 


iC LO 


800 Shoreham Bldg., Washington, PD 


WICHITIA 
Conwell, Fred (D), Oxford, Kansas 


NOT IN SECTION 

Anderson, Albert C. (B), P.O. Box 
Jeppe, Johannesburg, South Africa 

Anderson, C. D. (B), Tri-State Arma 
& Elect. Wks., Memphis, Tenn 

Beadle, T. M. (B), The Beadle Welding & 
Engrg. Co., 186 Tuam St., Christchurc} 
lt ae A 

Blodgett, Omer (F), 
Duluth, Minn. 

Burriss, Luther J. (C), 
Columbia, S. C. 

Rivett-Carnac, A. J. (B), British Mining 
Supply Co., 5 Maddison St., Jepp: 
Johannesburg, South Africa. 

Dall, David MacDonald (B), P. O. Box 
204, Germiston Transvaal, South Africa 

Davis, L. A. (B), L. A. Davis Welding 
Supplies, 194 Carey Ave., Wilkes Barre, 
Pa 

Eckenrode, L. A. (B), Black & Burkhart 
Aves., Chambersburg, Pa 

Eresch, Joseph (B), Morton, Washington 

Ferguson, Samuel (B), Ferguson, Pailin 
Ltd., Buckley St., Higher Openshaw, 
Manchester, England. 

Graham, Marshall (B), Lance Machine & 
Welding Co., 208 Mill St., Watertown, 
N. Y. 

Haggard, C. R. (D), Phelps Dodge Corp 
Ajo, Ariz. 

Jorgensen, D. F. (B), Standard Welding 
Works, 520 S. Broadway, Marshfield, 
Oregon. 

Kumazawa, Takabumi (B), Kyushu Im 
perial Univ., Fukuoka, Japan 

Lorio, A. B. (B), Lorio Brothers, 11 Rivers 
dale Ave., Pretoria, S. A. 

Lorio, Paul John (C), 8 Tulleken St., 
Pretoria, South Africa 

Meal, Daniel (D), 122 Whitman St., New 
Belfore, Mass. 

Powers, R. F. (B), Kewanee Boiler Corp., 
Kewanee, IIl. 

Premayne, Joseph Victorian (C), P. O 
Box 6815, Johannesburg Transvaal, 
South Africa. 

Rice, Dudley B. (C), R. D. 2, 
hanna, Pa. 

Richeda, Fred (B), The Lang Company, 
267 W. Ist St., Salt Lake City, Utah 
Thompson, Marshall Hudson (C), Con 
solidated Goldfields Ltd., P. O. Box 

1167, Johannesburg, South Africa. 

Tibbenham, Louis John (B), Suffolk Iron 

Foundry, Stowmarket, England. 


1410 E. 5th 


3110 Wheat St 


Susqui 


Correction Notice 


In the New Members of the Indianapolis 
Section printed in the January issue of the 
JourNAL, Mr. Donald C. Pippel’s name 
was incorrectly spelled. It should b 
Donald C. Pippel, (B), 1318 Gladston 
Avenue, Indianapolis, Ind. 


MARCH 





























































